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FOREWORD 

The Department of Energy (DOE) is .considering several  opt ions f o r  generating 

The satellite p o w e r  system (SPS), electrical power t o  meet fu ture  energy needs. 

one of these  options,  would collect solar energy through a system of satellites 

i n  space and transmit t h i s  energy to Earth. 

cribed that would use photovoltaic cells t o  collect the solar energy, convert 

it to  microwaves, and t ransmit  the microwave energy v i a  a d i r ec t ive  antenna to 

l a rge  receiving/rect i fying antennas (rectennas) on Earth. A t  the rectenna, t h e  

microwave energy would be converted in to  e l e c t r i c i t y  f o r  use i n  t h e  u t i l i t y  grid.  

A reference system has been des- 
1 

A three-year Concept Development and Evaluation Program (CDEP) w a s  begun in 
fiscal year 1978 by t h e  SPS Project  Division (SPSPD) ... "to develop by t h e  end 

of 1980 an i n i t i a l  understanding of the  technical  f e a s i b i l i t y ,  economic prac- 
t i c a b i l i t y  and the  social and environmental accep tab i l i t y  of t h e  SPS concept. 11 2 

To ensure that t h e  " i n i t i a l  understanding" developed i n  CDEP was as complete 

as possible ,  an approach was implemented which emphasized w i d e  pa r t i c ipa t ion  and 

open communication. Workshops, consis t ing of leading inves t igk tors  i n  a 

particular f i e l d ,  m e t  t o  scope s tud ie s  most beneficial to  SPS and to  review pro- 

gress. 

U.S. f o r  t h e i r  competence and independence whether f r o m  un ive r s i t i e s ,  government 

or p r i v a t e  industry. Assessment study reports w e r e  peer-reviewed without except- 

ion. 

and t h e  f i n a l  reports w e r e  widely dis t r ibuted.  

(approximately 100 w e r e  prepared during CDEP) was ser ious ly  considered by several  

people not  associated with t h e  SPSPD and t h a t  a t  least s o m e  a t t en t ion  w a s  given 

t o  each report by several  hundred to several  thousand others .  

+ f  

Recommended s tud ie s  w e r e  implemented by those recognized throughout the 

Study results w e r e  presented a t  program review meetings open t o  the public 

This ensured that each report 

To fu r the r  expand par t ic ipa t ion  i n  t h e  public arena, an outreach experiment 

w a s  conducted involving over 9000 individuals from th ree  diverse publ ic  i n t e r e s t  

groups. 

through a process which w o u l d  enable individuals t o  ask questions and t o  express 

t h e i r  views. 

reported herein. 

The major object ive of t h e  outreach w a s  t o  iden t i fy  publ ic  concerns 

The experience has been successfully concluded; t h e  r e s u l t s  are 

-I 
1. 

I , 2 .  
I 

I 

Satell i te Power System (SPS) Reference System Report, Department of Energy, 
DOE/ER-0023, October 1978. 

S a t e l l i t e  Power System (SPS) Concept Development Evaluation Program Plan 
(July 1977 t o  A u g u s t  19801, Department of Energy, DOE/ET-0034, February 1978. 
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To improve the r e s u l t s  of the S a t e l l i t e  Power System (SPS) concept 
Development and Evaluation Program, an outreach experiment w a s  conducted. 
Three publ ic  i n t e r e s t  groups par t ic ipated:  t h e  k 5  Society ( ~ 5 1 ,  Cit izen 's  
Energy P r o j e c t  (CEP), and the  Forum for t he  Advancement of Students in 
Science and Technology (FASST). Each group disseminated summary informa- 
t i o n  about SPS to approximately 3,000 const i tuents  with a request f o r  feed- 

', back on t h e  SPS concept. The objectives of t h e  outreach w e r e  to (1) determkre 
I, the areas of major concern r e l a t i v e  t o  t h e  SPS concept, and ( 2 )  gain experi- 
'knee with an outreach process f o r  use in fu ture  public involvement, 

Due to the combined e f f o r t s  of all three groups, 9200 individuals/  
organizations received information about  t he  SPS concept. 
r ec ip i en t s  of this in fomat ion  provided feedback. The response to t h e  
outreach e f f o r t  w a s  pos i t i ve  f o r  a l l  three groups, suggesting t h a t  t h e  
e f f o r t  extended by the  SPS P r o j e c t  Division t o  encourage an information 
exchange with the  publ ic  w a s  w e l l  received. 

Over 1500 

The general response t o  the  SPS differed with each group. The 6 5  
pos i t ion  is very much in favor of SPS; CEP is very much opposed and FASST 
is r e l a t i v e l y  neutral .  Regarding the Reference system, 6 5  is critical, 
encouraging consideration Df e x t r a - t e r r e s t r i a l  resources and other  alter- 
nat ive concepts. CEP is cri t ical  of the SPS concept, opposing any fu r the r  
development. 
and cont ro l  of SPS. Regarding soc ie t a l  e f f ec t s ,  FASST and CEP respondents 
are concerned about the centralization/decentralization issue. The central-  
i za t ion  inherent i n  t he  SPS concept is not favored by e i t h e r  group. 
implications of SPS are a major soc ie ta l  concern of 6 5  respondents, 
th ree  groups agree t h a t  t he  major environmental concern is the possible  
e f f e c t  of m i c r o w a v e  rad ia t ion  on the  environment. 

FASST respondents ra i sed  i ssues  about the  vulnerabi l i ty  

Mil i tary 
A l l  

The outreach experiment w a s  successful with respect t o  its major ob- 
j e c t i v e  - the  iden t i f i ca t ion  of public concerns. 
d i f f e r e n t  methods and approaches t o  the i r  const i tuencies ,  provided consid- 
erable  information regarding t h e i r  concerns about SPS - valuable infor- 
mation in d i r ec t ing  fu ture  research e f for t s .  
i f i e d  are coimKln amongst t he  three groups; however, they d i f f e r  in t h e i r  
p r io r i ty .  

A l l  th ree  groups, with 

Many of t he  concerns ident- 
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I. INTRODUC!l'ION 

The Satellite Power System (SPS) is an advanced technological concept 

with a potential impact of international proportions. 

institutional and technological issues of public concern. open and thorough 

treatment of questions and concerns which incorporate public involvement, is 

a necessary, but by no means sufficient condition for public acceptance of SPS; 

and public acceptance of SPS is a necessary (although again insufficient) con- 

dition for its ultimate realization. 

It raises environmental, 

There are several other factors which underline t'ne necessity for puisiics 
3 participation : 

- Requirements for direct public involvement in project review and 

- Passage of federal, state and local laws and regulations to control 
decision processes in environmental legislation. 

and reverse environmental degradation, such as the Clean Air Act and 
the National Environmental Policy Act. 

absorb impacts of an industrial society. 

- Passage of public disclosure legislation, such as the Freedom of 
Information Act. 

- Trends in the judicial/regulatory arena which provide citizens a legal 

- General decline in trust and goodwill towards government. 
- Rise and prominence of public interest organizations. 
- Growth of single issue political organizations. 
Recent trends in public opinion polls suggest that public perceptions of 

- Public realization of limitations in the environment's capacity to 

means to express their interests. 

the economy, energy situation and the environment have changed from optimisn 

about an unlimited future towards a n e w  sense of lowered expectations and a 

limited future . Scientific research and technological developments are per- 

ceived as mixed blessings and at least some of the public seems unwilling to 

accept environmental risk for high ecandc or energy growth. In general,-a 

trend away from centralization of institutions and decision-making in the U.S. 

is evident.' States are assuming more power, communities and neighborhoods are 

3.  

4. 

5. 

Bachrach, A. Satellite Power System: Public Acceptance, Department of 
Energy, DOE/HCP/R 4024-04, October 1978. 

nineberg, Stephen L. 
A Preliminary Exploration, mce University, Working Paper. 

Naisbett, John. 
Department of Energy, DOE/HCP/R 4024-9, October 1978. 

The Social Acceptability of Satellite Power Systems: 

Satellite Power System (SPS) Centralization/Decentralization. 

- 1- 



increasing t h e i r  influence and control  and a mi l i t an t  new regionalism i s  

l i k e l y  i n  the  next decade. 

approaches t o  problem solving (including those re l a t ed  t o  energy), re f lec ted  

i n  an increasing use  of the  referenda o r  i n i t i a t i v e  process. 

t rend toward a multi-option society,  r a the r  than an ei ther-or  society,  r e f l ec t ed  

i n  an increasing i n t e r e s t  i n  "appropriate scale" technologies r a the r  than accept- 

ing technologies based on economies of scale alone. 

There i s  a growing i n s t i t u t i o n a l  d ive r s i ty  i n  

There i s  also a 

These t rends suggest t h a t  publ ic  acceptance of SPS or  any la rge  technology 

may not be e a s i l y  obtained. 

ance, however, l i e s  i n  a program of publ ic  involvement i n  which public concerns 

can be iden t i f i ed  and addressed i n  the  developmental process. 

The g rea t e s t  assurance f o r  obtaining publ ic  accept- 

During the  SPS CDEP, publ ic  involvement has been an in t eg ra l  part of t h e  

Par t ic ipa tory  Technology Process (PTP).  

shown i n  Exhibit 1. The a c t i v i t i e s  undertaken and i ssues  addressed have been 

guided by workshops of na t iona l ly  known invest igators .  The s tudies  themselves 

have been conducted by pr iva te  contractors,  un ive r s i t i e s ,  government labora tor ies ,  

or  other  government agencies; the  i n t e n t  being t h e  bes t  possible  study and the  

widest range of thinking about SPS. 

reviewed. Generally, two peers  from government (independent of SPS), two from 

industry and t w o  f r o m  the  univers i ty  community have reviewed reports .  

r e s u l t s  have been reported a t  annual program review meetings open t o  the  publ ic ,  

with in te rac t ion  between presenters  and par t ic ipants .  

pr inted by the  Department of Energy and widely d i s t r ibu ted  i n  the  United S t a t e s  

and o ther  nations. 

The major fea tures  of t h i s  approach are 

Every assessment study report has been peer 

Study 

The reports  have been 

The Active Feedback Outreach fu r the r  expands public par t iczpat ion.  During 

the  CDEP, a public outreach experiment w a s  conducted. 

groups par t ic ipated:  the  L-5 Society, the Ci t izen ' s  Energy Project ,  and t h e  Forum 

f o r  t he  Advancement of Students i n  Science and Technology. Each group disseminated 

information about SPS t o  approximately 3,000 of t h e i r  const i tuents  with a request 

f o r  feedback on the SPS concept, emphasizing t h e i r  questions and concerns. 

Three public i n t e r e s t  

This report  summarizes the publ ic  outreach experiment. Section I1 i s  an 

overview, including the  methodology, major r e s u l t s  obtained, and general  con- 

clusions. Sections 111, IV, and V provide more d e t a i l  on the  spec i f ic  methods 

used, r e s u l t s  obtained, and conclusions drawn by each group. Appendix A is  

a compilation of 44 questions asked by par t ic ipants  i n  the experiment together 

with answers provided by SPSPD representatives.  

-2- 
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11. GENERAL OVERVIEW 

The outreach experiment w a s  an i n i t i a l  e f for t  t o  acquire feedback about 

Two major object ives  of t h e  outreach were: the  SPS concept from the  public. 

0 t o  ident i fy  public concerns and questions about the  SPS. 

0 t o  gain experience i n  an outreach process fo r  use i n  the  development 

of future SPS public  involvement a c t i v i t i e s .  

Three publ ic  i n t e r e s t  groups par t ic ipa ted  i n  the experiment. They w e r e :  

0 Cit izen 's  Energy Project (CEP): a tax-exempt research and advocacy 

organization. 

technology. 

a l te rna t ive  energy sources, antipoverty programs and environmental 

issues. 

Its primary i n t e r e s t s  are energy pol icy  and appropriate 

Since 1973, CEP has published 150 books and reports on 

CEP favors decentralized solar technologies. 

0 L-5 Society (L-5) : an in te rna t iona l  memebership organization t h a t  

supports space indus t r ia l iza t ion  and advocates the  development of 

human sett lements i n  space. 

t e n s  of thousands of people l i v ing  and working i n  space before the  

end of the century. 

News  (monthly). 

The goal of the organization i s  t o  ge t  

L-5 sponsors conferences and publishes the  L-5 

0 Forum for the Advancement of Students i n  Science and Technology (FASST): 

a national network of individuals and organizations supporting ac t ive  

student par t ic ipa t ion  i n  science, pol icy development, research and 

new applications i n  science. FASST programs are avai lable  t o  post- 

secondary students,  government agencies, indus t r ies  and organizations. 

FASST publishes a quar te r ly  news magazine, FASST NEWS, and o f f e r s  a 

press re lease service and research support and consulting services.  

Prior to  the  outreach, both L-5 and CEP had demonstrated a posi t ion 

on SPS. L-5 w a s  i n  favor of the continued development of SPS; CEP 

w a s  opposed t o  any development of SPS. 

groups f o r  par t ic ipat ion,  one i n  favor and the  other opposed, it w a s  f e l t  

t h a t  public concerns, from both a pro and con perspective,  could be 

ident i f ied .  

However, i n  an e a r l i e r  phase of t he  CDEP, FASST had completed a student 

With the  se lec t ion  of these t w o  

FASST had not taken a posi t ion on SPS prior t o  the  outreach. 

-4- 



6 p a r t i c i p a t i o n  study , t he  object ive being t o  assess various methods and pro- 

cedures that might prove su i t ab le  t o  involve s tudents  i n  t h e  discussion of SPS 

i ssues .  

integrated i n t o  t h e  experimental e f f o r t .  

Same ideas  and suggestions which resu l ted  from t h i s  study w e r e  

Each group was contacted and asked t o  participate i n  the outreach experi- 

ment. 

exchange about the SPS concept with t h e i r  cons t i tuents  under contract  with PRC 

Energy Analysis Crnupany. 

with this f ina l  summary report. 

a. m a E  

Each agreed t o  i n i t i a t e ,  organize and monitor a process of information 

The program began i n  January 1979 and is completed 

The steps involved i n  t h e  outreach program are presented i n  E x h i b i t  2 .  Each 

group independently summarized about  twenty SPS reports with emphasis on important 

points and i s sues  thought t o  be of special interest t o  t h e i r  respect ive consti-  

tuents .  

those deemed appropriate by the  groups themselves. 

t h e i r  SPS summaries t o  approximately 3,000 cons t i tuents  with a request f o r  feed- 

back. Responses were col lected,  analyzed, summarized, and submitted i n  reports 

to  PRC. 

detailed response t o  t h e  SPS concept. 

and d i s t r i b u t i o n  of t h e  sumnaries and request f o r  feedback w e r e  independently 

chosen by each group. 

A t  no time were these summaries ed i ted  by DOE, PRC o r  anyone o ther  than 

Each group d i s t r ibu ted  

Each group a l s o  contacted several  representat ive individuals  for a mre 

The methods adopted for the  preparation 

A s  responses w e r e  co l lec ted  and analyzed, each group i d e n t i f i e d  t h e  questions 

asked by t h e i r  const i tuents  r e l a t i v e  t o  the  SPS concept and outreach process. 

These w e r e  combined i n t o  44 questions i n  f i v e  top ica l  areas: t h e  SPS reference 

system, t h e  comparative analysis ,  t he  environmental e f f e c t s ,  t he  societal effects 

and the DOE program. 

gators responsible f o r  related assessment and research studies.  

by PRC, the questions and a n s w e r s  were reviewed by t a sk  managers of SPS research 

and development projects for accuracy. 

are provided i n  Appendix A of this report. 

i n  a document e n t i t l e d  "Some Questions and Answers about t h e  Satellite Power 

System" and d i s t r ibu ted  the  document t o  respondees of a l l  th ree  groups. 

Answers w e r e  obtained from t h e  DOE/NASA pr inc ipa l  i nves t i -  

After  ed i t i ng  

The f i n a l  set of questions and answers 

DOE pr in ted  the  questions and answers 

7 

6 .  FASST (A. Ladwig and D. Leonard) S a t e l l i t e  Power System Student Par t ic ipa t ion .  
Prepared f o r  t h e  Department of Energy Satell i te Power System Pro jec t  Division, 
DOE/HCP/R 4024-06, October 1978. 

L-5 d id  not request names and addresses of respondees; therefore  t h e  o r ig ina l  
membership l is t  of approximately 3,200 w a s  used. 

7. 

- 5- 
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Concurrently each group prepared and s e n t  a review sheet and cover letter 

t o  their respondees t o  serve as not i f ica t ion  t h a t  t h e  Question/Answer 

document w a s  forthcoming and t o  s o l i c i t  canaaents on it. 

B. RESULTS 

Due t o  the  combined e f f o r t s  of a l l  th ree  groups, 9200 individuals/  

organizations received information about the  SPS concept. 

rec ip ien ts  of t h i s  information provided feedback. 

of t h e  methods used and the concerns ident i f ied  by each group. A deta i led  

presentat ion of the methods used and the r e s u l t s  obtained is provided i n  

the  next three sect ions of this report. 

Over 1500 

Following is a summary 

1. Method of Outreach 

a. Each group independently established its own method of pre- 

paring and d is t r ibu t ing  the  summaries of SPS reports. 

a The 6 5  s t a f f  and CEP s t a f f  prepared t h e i r  own summaries, 
whereas FASST involved students i n  the  process. 

s t i t u e n t s ,  sending a l l  the SPS sunrmaries i n  one mailing; 
whereas CEP s e n t  SPS summaries i n  five d i f fe ren tmai l ings .  

a FASST recipients received a considerable amount of informa- 
t i on  a l l  at one t i m e ,  CEP rec ip ien ts  received s m a l l  packets 
of information several times, and G 5  rec ip ien ts  received 
one condensed summary. 

a FASST and 6 5  m a d e  one i n i t i a l  contact with t h e i r  con- 

b. A l l  th ree  groups sen t  cover letters with t h e i r  mailings, 

informing const i tuents  of the  outreach and requesting t h e i r  par t ic ipat ion.  

c. The three groups differed with respect t o  the  degree of 

s t ruc tu re  imposed on responses, and the  emphasis of issues on which feed- 

back w a s  requested. 

CEP used both a non-structured and semi-structured response 
form. The f i r s t  t w o  mailings included a request f o r  com- 
ments. In  the  last three mailings, response forms with 
open ended questions were included. 

FASST used a response form which asked f o r  spec i f i c  
demographic information, and generally asked f o r  corn- 
ments and questions about the SPS concept. 

6 5  used a t w o  page response from w i t h  both open ended 
and close ended questions. This response form w a s  the  
most s t ructured of the  three. 

CEP and FASST requested qua l i t a t ive  feedback on t h e i r  
summaries (e. g. , goodbad; biased/unbaised) . 6 5  
did not. 

-7- 



0 Feedback requested by L-5 addressed cr i t ical  i ssues  
involved i n  t h e  implementation of SPS, whereas CEP 
addressed c r i t i c a l  i s sues  involved i n  the  concept i t s e l f .  

summaries, aware t h a t  an evident b i a s  i n  favor o f ,  o r  i n  
opposition to ,  SPS would be discerned by recipients .  ~n 
approximately equal number of responses accused CEP of being 
pro and a n t i  SPS, so ob jec t iv i ty  seems t o  have been obtained. 

0 L-5 asked such questions as who should research, construct 
and own the  SPS, what areas of research need more empha- 
sis, what reference design a l t e rna t ives  should be given 
more emphasis and what government agencies should play a 
role i n  SPS development. 

0 CEP asked opinions about the  economics, t he  environmental 
i s sues ,  t h e  soc ia l  concerns, the  impact of cent ra l iza t ion ,  
hea l th  and safe ty  issues ,  and preferable  a l te rna t ives .  

0 Both CEP and L-5 asked who should own and control  t he  SPS. 
A comparison of responses i s  not possible  however, s ince 
the  majority of CEP respondents s a i d  SPS should not be 
developed r a the r  than s t a t i n g  who should own o r  control  it. 

0 FASST requested no s t ruc tured  feedback on the  FPS concept, 
requesting only comments or  questions. The response form 
did however ask respondents t o  rate the  method of  outreach 
( i .e . ,  summary preparation and d i s t r ibu t ion  and request 
f o r  feedback) as a means to both inform and involve s tudents  
i n  the  SPS concept development process. 

0 CEP w a s  pa r t i cu la r ly  concerned about ob jec t iv i ty  i n  the  

d. The response rate w a s  the  highest  f o r  t he  L-5 Society, 

which received 850 responses. CEP received 383 and FASST received 306. 

Two fac tors  might account f o r  the higher response r a t e  of t he  L-5 Society. 

F i r s t ,  t h i s  organization's principal i n t e r e s t  is  space colonization, and 

SPS may be viewed by i ts  members as a catalyst  f o r  space colonization; 

therefore  SPS is  a s a l i e n t  issue t o  L-5 members. Second, L-5 rec ip ien ts  

received the most concise input. E f fo r t  needed t o  read and reply w a s  

therefore  less extensive than t h a t  needed by FASST and CEP rec ip ien ts .  

2. Values and Concerns 

a. Reference System 

6 5  is  cri t ical  of the  Reference System, encouraging con- 

s idera t ion  of ex t r a - t e r r e s t r i a l  resources and o ther  system a l te rna t ives .  

CEP i s  cr i t ical  of the  SPS concept, opposing any development. FASST 

respondents ra i sed  issues  about t he  vulnerabi l i ty  and control  of SPS. 
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b. Socie ta l  Effects  

FASST and CEP respondents are concerned about t he  centraliza- 

t ion/decentral izat ion issue. 

concern of  I,-5 respondents; however, respondents are divided i n  t h e i r  

opinions regarding t h e  possible good and bad e f f e c t s  of SPS being used as 

a weapon. 

Military implications are the major societal 

c. Environmental Effects  

A l l  th ree  groups agree t h a t  t h e  major environmental concern 

is t h e  possible e f f e c t  of microwave exposure on human hea l th  and the 

environment. 

d, The Outreach Ef fo r t  

The response t o  t h e  outreach e f f o r t  by respondents i n  a l l  

th ree  groups w a s  posi t ive,  

t o  t h e  SPS concept development w a s  widely appreciated. However, there  

w a s  skepticism voiced by some respondents in a l l  three  groups about 

whether o r  not publ ic  input would be e f fec t ive ly  u t i l i zed .  

The opportunity t o  provide feedback and input 

e. General Response t o  SPS 

The 6 5  posi t ion favors SPS. As an organization which 

supports space ventures and technological development, SPS represents a 

door i n t o  the space f ront ie r .  The CEP is opposed t o  SPS. The two 

major reasons given f o r  opposing it are t h e  trend toward centraliza- 

t i o n  t o  which SPS is  expected t o  contribute, and the cost  of SPS which 

could reduce funds avai lable  f o r  t e r r e s t r i a l  so l a r  a l te rna t ives .  The 

FASST pos i t ion  on SPS i s  re la t ive ly  neutral. Their focus has been on 

the  process of outreach and an e f f o r t  t o  include student pa r t i c ipa t ion  

i n  the  developrqent of an advanced technological system. 

3. P r io r i ty  Concerns 

The general issues addressed in  the  top t en  questions as ranked 

by each group are presented i n  Exhibit 3, which represents t o  some extent ,  
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9 
a p r i o r i t y  of concerns of each group. For example, CEP is pa r t i cu la r ly  

concerned about t h e  opportunity costs” of SPS, t he  poss ib l i t y  of break- 

throughs i n  terrestrial solar technology eliminating t h e  need f o r  SPS, 

and the  possible microwave bioeffects .  6 5  is  concerned a l s o  with t h e  

possible  microwave bio-effects,  depletion of Earth’s  resources ( r e f l ec t ing  

the  advocacy of the use Of o ther  space resources such as t h e  Moon and 

asteroids) and t h e  po ten t i a l  mi l i t a ry  implications of SPS. FAAST is  in- 

t e r e s t ed  i n  the possiblities of in te rna t iona l  pa r t i c ipa t ion  of sPS develop- 

ment, and concerned with Acrowave b ioef fec ts  ,and SPS vulnerabi l i ty .  

Common questions ranked i n  the  top t en  by a l l  three groups address 

the  top ics  of microwave b ioef fec ts ,  whether there  is  a need for  central ized 

p o w e r ,  and military implications of SPS. 

are  unique t o  CEP are those concerning the  impact on the  labor  market, 

atmospheric heating effects, and communications disruption. Questions 

which a re  unique t o  L-5 concern ne t  energy production, how SPS improves 

energy self-sufficiency, and continuation of SPS R&D. Questions which 

are unique t o  FASST concern SPS vulnerabi l i ty ,  in te rna t iona l  pa r t i c ipa t ion  

i n  SPS development, and public information ava i l ab i l i t y .  

Questions i n  the top t en  which 

4. Responses t o  the Questions and Answers Document 

The t 5  Society received 285 responses t o  the SPS Question/&swer 

(Q/A) document. In  general ,  these responses w e r e  positive and the  majority 

found t h e  answers t o  the  questions t o  be sa t i s fac tory .  

Unfortunately, due t o  some administrative problems a t  DOE, t he  Q/A 

document was not mailed a t  the  scheduled t i m e  t o  CEP and FASST respondees. 

This delay i s  considered t o  be a major f ac to r  i n  the  poor response t o  t h e  

request f o r  feedback i n  both groups. 

respondees provided feedback on the Q/A document; none w e r e  received from 

FASST. 

t o  FASST respondees, the  academic year w a s  over.) 

w e r e  generally cri t ical  of t he  document. 

Less than two dozen of the  CEP 

(It should be noted t h a t  by the t i m e  t he  Q/A document w a s  mailed 

Conments by CEP respondees 

9. 
It should be noted t h a t  these rankings have been provided by t h e  s t a f f  
of each group, and have not been reviewed by const i tuents .  

o r  funding of o ther  promising technologies. 

10. Opportunity costs are those cos t s  which reduce the  development po ten t i a l  
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C. CONCLUSIONS 

The objectives of the  outreach experiment w e r e :  1) t o  i den t i fy  publ ic  

concerns and 2 )  t o  gain experience f o r  fu ture  outreach e f f o r t s .  With regard 

t o  both of these object ives ,  the  outreach experiment was successful.  

Questions, concerns and benef i t s  regarding the  SPS concept, as perceived 

by the  respondents, w e r e  ident i f ied .  

i den t i f i ed  through o ther  mechanisms i n  the  Par t ic ipa tory  Technology Process 

were found. Two s tudies ,  however, w e r e  i n i t i a t e d  t o  more adequately respond 

N o  concerns which had not been previously 

t o  expressed public concerns. One study addressed the  question of insurance 

(both l i a b i l i t y  and lo s s )  and another addressed the  l i f e t ime  of t he  s a t e l l i t e s  

i n  geostationary o rb i t .  

With regard t o  the second object ive,  the  experiement provided consider- 

able information about a communicative process i n  the  ea r ly  development of 

an advanced technological concept such as SPS. The response t o  the  outreach 

e f f o r t  w a s  posi t ive f o r  a l l  th ree  groups, suggesting t h a t  t he  e f f o r t  extended 

by the SPS Project Division t o  encourage information exchange with the  publ ic  

was w e l l  received. 

information from the const i tuents  of a l l  th ree  groups, and many respondents 

expressed i n t e r e s t  i n  continued involvement. 

The outreach e f f o r t  a l so  generated requests f o r  addi t ional  

There are ,  however, several  aspects of t h i s  process which deserve 

fu r the r  consideration i n  any fu ture  outreach e f f o r t .  One of these i s  t h e  

c l a r i f i c a t i o n  of objectives.  

ident i fy  public concerns, providing a source of information valuable i n  defining 

issues  and scoping s tudies .  However, i n  the  request f o r  feedback i n i t i a t e d  

independently by each group, a general react ion t o  SPS w a s  o f ten  indicated 

(i.e. i n  favor o r  opposed t o ) .  These type of data  are suscept ible  t o  m i s -  

in te rpre ta t ion  a s  an opinion poll  o r  a t t i t u d e  survey. However, the  outreach 

process (as re f lec ted  i n  t h i s  experiment) i s  not a va l id  methodology f o r  

ascer ta ining a t t i t u d e s  o r  opinions. It lacked two important cri teria,  among 

others :  standardization and representativeness.  Regarding standardization, 

each of the three par t ic ipa t ing  organizations worked independently i n  the  

development and implementation of t he  outreach experiment. A s  a consequence, 

The major object ive of the  outreach was t o  

-12- 
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the kinds of information received, both quantitatively and qualitatively, 

are different for each group. Comparisons are therefore not appropriate. 

Regarding representation, it is not known to what extent these groups and 

the responding constituents represent a larger public. To avoid misinter- 

pretation, it is important to insure that the objectives are clear, under- 

stood, and continually emphasized during the entire process. 

Similarly, the intentions for utilization of public input should be clearly 

stated and understood by participants. 

experiment were cynical regarding the use of public input or if in fact it 
would be vsed at a.11. 

the CDEP by the SPS Project Division to define issues and scope other studies 

(such as the insurance study and orbit decay of geostationary orbits). 

input is also valuable in scoping any future studies to insure that public 

concerns are addressed in the developmental process; this should be made clear 

to future participants. 

Several respondents in the outreach 

P s l i c  input resifiting frm the n~treach w c  used during 

Public 

A final point to be considered in future outreach efforts is the conflict 

between participants that may exist prior to, or arise during, the course of 
the outreach. 

respect to SPS development between CEP and L-5. 

national coalition to oppose development of SPS technology, known as the 
Coalition Against Satellite Power System (C.A.S.P.S.). L-5 is actively pro- 

moting SPS R & D. 

groups in activities which attempt to resolve conflicts, or at least to identify 

more specifically the areas of agreement and disagreement. 

For example, there are competing values and preferences with 

CEP is coordinating a new 

It may be beneficial to engage representatives from such 
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111. PARTICIPATION OF THE CITIZENS ENl3RGY PROJECT 

A. METHOD 

The method of outreach used by the Citizens Energy Project (CEP) con- 
sisted of the following activities: 

Twenty-two summaries of SPS reports were prepared by the CEP staff, 

averaging 3-4 pages in length. 

0 A mailing list was compiled to include a broad cross-section of 

constituencies. Press releases were sent to some 50,000 persons 

in general mailings. Respondents to the press releases and 

announcements were placed on the mailing list. 

these respondents, the mailing list included solar/anti-nuclear/ 

environmental organizations, small solar businesses, local and 

state government officials, individual activists involved in 

energy policy issues, labor spokespersons, and miscellaneous groups. 

The final list was comprised of 3,000 individuals and organizations. 

0 The summaries were mailed in series approximately three weeks apart. 

In addition to 

Each mailing included a set of two to six SPS report sumnlaries 

and a cover letter introducing the contents of the packet, pro- 

viding an update on the project, and a request for feedback. The 

first two mailings urged the reader to submit general written 

comments on the SPS summaries. The last three mailings included 

a response form. The third mailing included a two page response 

form consisting of 26 open ended questions, which addressed several 

general issues of the SPS concept. The last two mailings included 

a one page response form consisting of open ended questions which 

addressed more specifically the issues relevant to the summaries 

accompanying the response form. 

0 Telephone interviews were conducted with 30 people in various 

fields to solicit their opinions and concerns about the proposed 

solar power satellite system. 

0 Written comments were analyzed on the basis of topical areas, 

which were related in part, although not entirely to the individual 
summaries. 

was noted as well as respondents' positions relative to the issue. 
Responses on the response form were analyzed by identifying and tallying 

all responses to each question. Telephone interview responses were 

analyzed in a manner similar to written comments. 

The frequency of comments related to specific issues 
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0 A f i n a l  report  Of outreach a c t i v i t i e s  and r e su l t s ,  prepared by t h e  

CEP s t a f f ,  w a s  mailed out t o  persons who offered comments during the 

preceding a c t i v i t i e s .  

0 The document e n t i t l e d  "Some Questions and Answers About t he  S a t e l l i t e  

Power System" w a s  sent  by DOE t o  the  over 400 CEZ participants/respondees. 

(The questions and answers from t h i s  document are presented i n  Appendix 

A.) 

t h e  forthcoming document. 

requesting feedback on the  CEP f i n a l  report and the  Question/Answer document. 

With ant ic ipat ion of this mailing, CEP sent  a letter announcing 

Accompanying t h i s  letter w a s  a response form 

a Several articles oii t he  rzs i l l ts  of tile outreach experiment w e r e  prepared 

and submitted f o r  publication t o  appropriate periodicals.  

B. RESULTS 

Responses to the summaries to ta led  382; however, 20-25 percent of 

the  respondents submitted more than one set of responses making ac tua l  

response rate about 10 percent. Thirty f i v e  percent (133) of these re- 

sponses w e r e  i n  the  form of w r i t t e n  comments. 

The geographic d i s t r ibu t ion  of responses w a s  similar t o  the  population 

d i s t r ibu t ion  of the United S ta tes ,  w i t h  t he  l a rges t  number coming from 

Cal i fornia ,  New York, Pennsylvania, Massachusetts, Michigan, and I l l i n o i s .  

One s ign i f i can t  exception was Washington, D.C. Over 400 summaries w e r e  

mailed t o  individuals and organizations i n  t h i s  area. 

w e r e  received. A broad range of occupational backgrounds w e r e  represented. 

Respondents included housewives, b io logis t s ,  accountants, teachers,  govern- 

ment o f f i c i a l s ,  students,  engineers, economists, and coxmnunity organizers. 

S t a t e  u t i l i t y  regulatory commissioners and labor representatives w e r e  two 

audiences approached t h a t  did not respond i n  any s ign i f i can t  number. The 

l a rges t  number of responses came from anti-nuclear and pro-solar c i t i zen  

groups. The wr i t ten  comments, answers on the  response forms, and telephone 

interviews a l l  ind ica te  similar conclusions. Therefore, a se lec t ion  of re- 

sponse da ta  from a l l  three types of responses have been integrated i n  the  

following presentation. 11 

Only f i v e  responses 

11. I n  those cases where t h e  data  a re  reported i n  terms of percentages, it should 
be noted tha t :  1) the t o t a l  number of responses on which the percentages are 
calculated i s  not a constant, a s  a l l  individuals  did not respond t o  a l l  ques- 
t ions ;  therefore  percentages are based on the  number of those responding t o  
the  i t e m  i n  question; 2) percentage f igu res  may not t o t a l  100% i n  cases where 
response categories  a r e  not mutually exclusive. 
with regard t o  the  wri t ten comments. 
based on the  t o t a l  number of w r i t t e n  responses, 133. 

This i s  pa r t i cu la r ly  t r u e  
Percentages f o r  wri t ten comments are 
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1. The Outreach Program 

In general, respondents were pleased with the government's 

effort to request their input on the SPS concept. 

specifically stated their appreciation for both receiving the reports 

and having the opportunity to contribute their thoughts on the SPS. 

However, sane questioned whether this information would be used in a 

meaningful way. 

A vast majority 

- 

- In over 80 percent of the written responses, solicitation 
of written comments, suggestions, and concerns by DOE 
through CEP, was considered a positive step in obtaining 
citizen input into the governmental decision making process. 
Ten percent were pleased to find a government agency taking 
the initiative to involve the public before the project 
is in full development. Ten percent concurred that DOE 
should be recognized for its SPS citizen involvement. Ten 
percent voiced concern over whether DOE would utilize and 
incorporate the responses into the SPS decision-making 
process. Twenty percent were pleased with the effort but 
concerned about the feasibility of SPS and therefore wished 
no further public expenditure on the concept. 

- Of 30 telephone respondents, six saw the assessment as a 
positive step by DOE, suggesting it should be applied to 
other agencies and programs. Seven had doubts as to how 
the results would he used. 

- When asked for an opinion regarding CEP's involvement, over 
100 respondents gave positive answers, including llgoodll and 
"excellent". 
of the results and ten indicated the possibility of bias 
in the organization. 

Nine respondents questioned the utilization 

2. About the Summaries 

Most respondents thought the summaries were well done, interesting, 
and presented a good balance of opposing perspectives. 

- Sixty Seven Percent Of the written comments indicated that 
the reports gave a good balance to opposing perspectives 
with honest statements about what is known and relevant to 
SPS. A few considered them biased one way or the other. 
A large majority found the summaries to be educational and 
factual. Ten percent felt certain issues were not covered 
well enough (e.g. comparative assessment, the "real cost", 
net energy analysis). 

- Responses to questions on the response form related to the 
number of summaries read, indicated that the majority had 
read all the summaries received, found no factual errors or 
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misleading statements, and thought they were well done, 
interesting and easy to read. Forty-two respondents (11%) 
thought the summaries were biased. 

3. Decentralization/Centralization 

A major concern of the majority of respondents is that SPS is a 

highly centralized technology that is considered inconsistent with their 

view of the "inherently decentralized" nature of solar technologies. 

- Regarding written conments, sixty-seven percent identified 
th i s  issue as a major concern. There was unanimity over 
concern that SPS development would foster continued centrali- 
zation and corporate government control of energy supplies, 
trends which are viewed in a negative light. Relative to 
this concern was the fear that funds would be pulled from 
other decentralized systems. 
decentralized energy source because of the rectennas 
scattered throughout the country. 

the following: 

A few felt SPS would be a 

- Reasons given for being against centralization include 
SPS would impede individual freedom of choice and 
connuunity decentralized systems. 

Centralized systems are militarily more vulnerable 
than decentralized systems. 

Relatively poor employment potential is characteristic of 
centralized systems. 

Adverse environmental impacts have historically 
occurred with developnent of centralized indus- 
trial and energy systems. 

Centralized systems pose a potential danger to 
visions for a democratic future America. 

- A reason given for pro-decentralization is that it is condu- 
sive to innovative social change, creative solar energy 
usage, and community self-reliance. 

- Telephone respondents also indicated that a primary concern 
was the increased centralization which would come with SPS. 
Thirteen out of thirty respondents felt centralization would 
be a negative impact. 

social concerns you see with the SPS?", 38% of 150 respondents 
replied the failure to promote decentralization. Seventy 
eight percent of 153 respondents indicated that they thought 
the SPS would have an impact on an increased trend toward 
centralization, which is undesireable in their view. Twenty- 
nine percent of 147 respondents indicated the issue of de- 
centralization as an issue of highest priority in reaching 
conclusions about the SPS. 

- When asked on the response form, "What are the primary 
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4. Economic Considerations 

A major concern of the majority of respondents is the perceived 

high cost associated with the development of SPS. 

- Nearly all written responses contained some reference to 
economics. 
funds to benign, renewable energy resource development. Ten 
percent noted the absence of an opportunity cost analysis in 
the reports. Several respondents expressed the sentiment 
that SPS R & D was being promoted to bail out an industry 
(the aerospace industry) that had come upon hard times. 

and benefit from SPS. Ten percent raised questions about 
the net energy gain derived from SPS as compared to other 
systems, arguing that terrestrial systems would require 
less energy input than SPS to develop and maintain, at a 
lower cost. 

greatest significance to telephone respondents. They felt 
SPS would divert money from more appropriate technologies. 

- When asked for an opinion regarding the economics of SPS 
development on the response form, 69% of 162 respondents 
indicated it was too costly and may take away from other 
alternatives. Twenty-five respondents said SPS was eco- 
nomically unsound. 

A large majority stated preference for allocating 

- Thirty-three percent expressed concern over who would control 

- The capital drain of an SPS was one of two issues of 

- When asked who should own the SPS if developed, 23% of 148 
respondents said it should not be developed, 13% said the 
U . S .  government, 11% said the United Nations and 12% said 
the people. When asked who should control SPS, if developed, 
10% said an international consortium, 10% said the people, 
and 8% said private industry. 

5. Environmental Effects 

The majority of respondents named microwave radiation as the 

major environmental concern. 

power transmission system, impacts on human health, local ecosystems, and 

the atmosphere. Aside from the issue of microwaves, respondents varied 

in their emphasis on other environmental impacts. 

mentioned included land use, ozone depletion, occupational health and 

safety, depletion of scarce minerals and natural resources, heating the 

atmosphere by rocket launchings, rectenna disruption of surrounding eco- 

systems, air, water and noise pollution, climate effects, vulnerability, 

sabotage, boomtowns, communication interference, use as a weapon, relocation 

of industrial and population centers, out of control technology, political 

dissension and failure/accidents. 

Problems are perceived for the SPS microwave 

Concerns which were 
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6. Internat ional  Concerns 

The Tajor in te rna t iona l  concern expressed by respondents w a s  

the  mi l i t a ry  implications of SPS .) 

- Sixty percent of the  respondents who submitted wri t ten comments 
w e r e  concerned about the mil i tary implications of SPS. (No 
writ ten comments shed favorable l i g h t  on this top ic ) ,  Res- 
pondents expressed concern that it would be used as a s t r a t e g i c  
mi l i t a ry  weapon which could r e s u l t  in balance-of-power problems 
i n  the  in te rna t iona l  community. The vulnerabi l i ty  of the SPS 
was a l so  an expressed concern. 
t o  be d i f f i c u l t ,  necessary and helpful i n  c rea t ing  worldwide 
cooperation. 

nat ional  r e l a t ions ,  40 percent of the  respondents 
said it would be a point  of controversy, and 1 2  percent 
indicated SPS o f f e r s  potential f o r  cooperation. 

Internat ional iz ing SPS w a s  thought 

- When asked w h a t  impact SPS development would have on inter- 

7. Alternat ives  

The a l t e rna t ive  suggested by the majority of respondents w a s  

decentralized energy system development. 

terrestrial photovoltaics,  low-head hydro, wind power, s o l a r  co l lec tors  

and biomass. 

8.  

Among the  spec i f i c  forms were :  

l 

Many respondents indicated that conservation w a s  e s sen t i a l .  
I 

General response to the SPS Concept 

The overa l l  general  response to SPS was negative. Of 382 re- 

sponses, 87 percent (331) indicated opposition t o  the  SPS concept, ranging 

from a sense t h a t  there  w e r e  better energy options t o  unequivocal h o s t i l i t y ,  

Eight percent (31) w e r e  neut ra l  o r  undecided, saying t h a t  more study w a s  

required and f ive  percent (20)  supported SPS development. 

I 

- There w a s  near unanimity of opposition t o  SPS as re f lec ted  in 
Only two t o  three percent were in some t h e  wri t ten CQmments. 

way favorable t o  the'concept. 
more complete and comprehensive s tudies  on certain aspects. 
However, t he  vast  majority of  these w e r e  opposed t o  develop. 
ing SPS f o r  a number of reasons and desired a l l  funding for  the  
SPS t o  be cut. 

Forty percent wanted t o  see 

- Regarding response form responses, when asked what reconmendations 
they would give t o  Congress regarding the SPS concept, 57% of 
148 responses indicated it should be dropped, 17% indicated other  
a l t e rna t ives  should be considered, 5% suggested a continuation 
and/or increase i n  research e f f o r t s ,  and 4% said move ahead with 
commercialization. 
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- When asked i f  t h e  respondent's organization had taken a formal 
posit ion on SPS, ou t  of 1 3 3  responses 63% sa id  no, 18% sa id  
yes-opposed, and 1% said  yes-in favor (but c r i t i c a l l y  so). 

9. Response t o  the CEP Final  R e p o r t  on the  Outreach Results 

The CEP Final  R e p o r t  w a s  mailed t o  approximately 500 persons. A 

total  of 42 responses t o  t h i s  report w a s  received, representing an 8.4% 

response rate. Generally, t he  comments about t he  report w e r e  posi t ive.  Re- 

spondents thought the  document w a s  easy t o  read, well-balanced, and thorough. 

Respondents also submitted comments regarding the  content of the  report 

and the  outreach program i n  general. Several respondents suggested t h a t  there  

should have been more discussion of the  pros and cons of decentralized solar 

options compared t o  SPS. Regarding the outreach program, many respondents 

suggested that  t h e  outreach e f f o r t  should be done over a shor te r  period of  

t h e ;  ye t  others suggested a longer timetable. A number of suggestions f o r  

c i t i zen  input  programs w e r e  included. 

gested CEP should continue t o  monitor and report SPS development. 

A majority of respondents also sug- 

10. Response t o  SPS Questions and Answers 

Due t o  some administrative problems, t h e  DOE mailing of the  SPS 

Question/Answer 

following t h e  CEP le t ter  of announcement and request for feedback. A s  a con- 

sequence, less than two dozen r ec ip i en t s  of t h e  document responded. Five 

respondents submitted general comments and eighteen returned the response 

form. 

and negative towards SPS. 

document to  CEP respondees w a s  delayed near ly  th ree  months 

I n  general, the majority of respondents w e r e  c r i t i ca l  of the  document 

C. SUMMARY 

The C i t i z e n ' s  Energy Project  w a s  i n i t i a l l y  uncertain as t o  w h a t  type 

of response it would receive. 

t h i s  audience with regard t o  solar p o w e r  sa te l l i te  technology, although it 

was general ly  assumed t h a t  m o s t  of the  people on the mailing l i s t  w e r e  advo- 

cates of solar energy. 

N o  previous outreach had ever been done of 

Overall, a la rge  majority of respondents indicated opposition t o  the  

While a range of reasons were provided fo r  t h i s  opposit ion,  the SPS concept. 

concerns t h a t  most frequently emerged were: 

0 the  perceived problems of microwaves f o r  SPS power transmission and 
i t s  impacts upon human heal th ,  local ecosystems, and the  atmosphere. 
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0 the  concern that SPS i s  a highly central ized technology t h a t  is 
considered inconsis tent  with the "inherently decentralized" nature of 
so l a r  technologies. 

0 the  high economic cos ts  associated with SPS development. 

0 the  possible uses of SPS as a mi l i ta ry  weapon o r  i t s  vulnerabi l i ty  

0 the  a v a i l a b i l i t y  of o ther  energy options--notably decentralized 

0 the miscellaneous environmental impacts of the  SPS (e.g. air ,  and 

as a mi l i t a ry  ta rge t .  

terrestrial appl icat ions of solar. 

w a t e r  pollut ion,  resource depletion, and disrupt ion of coxrunmications 
systems). 

"ne preparation and Gis i r i i j u t ion  of the s-mimrias b j j  the Cit izens 

Energy Project  w a s  generally well received while some Yeaders expressed 

conccm about CEP's biases on the  i ssue .  

(1) conducting an outreach e f f o r t  a t  an ea r ly  stage i n  the development of 

SPS technology; and (2) using an independent organization f o r  t he  outreach-- 

notably a c i t i z e n  group t h a t  has some c r e d i b i l i t y  with its audiences. 

DOE was well-regarded for 
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I V .  PARTICIPATION OF THE L-5 SOCIETY 

A. METHOD 

The method of outreach used by t h e  L-5 Society (L-5) consisted of 

t he  following a c t i v i t i e s  : 

0 An eight-page summary of 20 SPS reports  was prepared by L-5 and 

sent  with a cover le t ter  requesting feedback t o  the  L-5 membership 

of approximately 3,200. 

r e l a t ive  t o  the SPS concept, 9 r e l a t i v e  to  the  SPS program, and 8 

demographic quest  ions was enclosed. 

A response form consis t ing of 12 questions 

0 The World Space Center w a s  asked t o  assist i n  the  evaluation of 

the  reactions t o  SPS, due t o  i t s  extensive contact with the  Third 

World space policy makers. Several associates of t h e  World Space 

Center, representative of t h i r d  world countries were asked t o  

par t ic ipa te .  These assoc ia tes  w e r e  contacted by m a i l ,  and i f  agree- 

ing t o  pa r t i c ipa t e ,  they w e r e  sen t  summaries of t h e  SPS reports pre- 

pared by L-5 and the  World Space Center. 

arranged f o r  in-depth telephone interviews. 

D a t e s  and times w e r e  

0 A core group of 14 people, considered t o  be i n f l u e n t i a l  i n  . the 

space community, w e r e  sen t  copies of DOE SPS reports which they 

wished t o  review and t h e i r  comments w e r e  then analyzed by L-5. 

0 The document e n t i t l e d  "Some Questions and Answers About the  S a t e l l i t e  

Power System'' was sen t  by DOE t o  the  L-5 membership. (The questions 

and answers from t h i s  document are presented i n  Appendix A.) A t  the  

same t i m e ,  6 5  sen t  a le t te r  t o  a l l  members informing them of t h e  

forthcoming document with a request f o r  an appra isa l  of each question 

with respect t o  th ree  categories;  (1) a sa t i s f ac to ry  answer; (2 )  the  

answer seems incomplete; and (3)  "I don' t  bel ieve it." General com- 

ments w e r e  a l so  so l i c i t ed .  

B. RESULTS 

1. Wsponse Form 

A re turn  of 850 response forms represented a 27 percent response 

The r e su l t s  of t h e  analysis  of responses a re  presented according t o  rate. 

general  topic c l a s s i f i ca t ions  iden t i f i ed  on the  response form. 
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a. Demog raphic 

General demographics of respondents include: 

- Average Age: 29 (Range: 9-80) 

- sex: Male 90% 

Female 8% 

N o t  s ta ted  2% 

- Education: High school and less 11% 

Some college 2 8% 

BA or BS degree 

Masters degree 12% 

Specialized degree 4% 

Not s ta ted  2% 

- Nationali ty : U. SI A. c i t i zen  9 3% 

3 3% 

Doctorate 10% 

- SPS r e l a t ed  employment: Less than 1% report  having a job 

r e l a t ed  t o  SPS. 

represent 49%. 

Those who des i re  such a job i n  the  fu ture  

b. The Solar Paver Satellite Concept 

Power systems considered most desirable f o r  t he  long-term 

fu ture  beginning with the m>st preferred are as follows: extra-terrestrial 

so la r ,  terrestrial solar, nuclear fusion, geothermal, hydro-electric (in- 

cluding t i d a l ) ,  and nuclear f i ss ion .  

t e n t i a l s  they found equally appealing. 

t r a d i t i o n a l  sources and more on new technology options. 

Ten percent indicated two o r  more po- 

Generally, the  emphasis w a s  less on 

The impact of p o w e r  satellites on t h e  environment was thought t o  be 

moderate by 61 percent, ins igni f icant  by 37 percent,  and in to le rab le  by 

1 percent. Power systems thought t o  have t h e  least environmental impact 

i n  rank order, beginning with the l e a s t  perceived impact are as f o l l m s :  

extraterrestrial so la r ,  terrestrial so la r ,  geothermal, hydro-electric (including 

t i d a l ) ,  wind, and fusion. 

were expansive, addressing issues of w a s t e  heat problems, heat build-up, ease 

of d i s t r ibu t ion ,  warnings about the misuse of labor union p o w e r  and environ- 

mental groups t o  block energy projects.  

Appended comments from respondents on this issue 
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Regarding the  cost  of SPS, the following responses were obtained: 30 

percent thought SPS would be cheap, 65 percent tolerable, and 3 percent too 

high. When asked who should develop the  SPS, t he  top  ranked answers i n  

order of preference were : federal  agencies, combinations of government and 

industry,  pr ivate  industry,  and in te rna t iona l  uni ts .  

When asked who should construct SPS, t h e  top ranked answers i n  order of 

preference were: pr iva te  business, combinations of pr iva te  business and gov- 

ernment agencies, federal  agencies, and in te rna t iona l  uni ts .  When asked who 

should own SPS, the  top ranked answers i n  order  of preference were: p r iva t e  

business,  combinations of pr iva te  business and government agencies, federa l  

agencies and in te rna t iona l  uni ts .  

suggested, including t h e  users,  the publ ic ,  u t i l i t i e s ,  o r  t o  whomever they 

are sold o r  rented to. 

A d ivers i ty  of owners i n  general  w e r e  

Respondents were asked t o  report the arguments pro and con, voiced by 

t h e i r  friends i n  discussions about SPS. 

were given addressing several  top ica l  areas: 

About 90 distinguishable arguments 

- Economic: f r iends  of L-5 members seeing economic benef i t s  i n  

SPS described it as a feas ib le  energy technology t h a t  would provide 

a cheap, constant, unlimited energy supply, forever. Added benef i t s  

were its poten t ia l  employment opportunities generated f o r  f r ee  enter- 

p r i s e r  and the  impetus it would provide t o  expand resource development 

i n t o  space. 

infeasible  energy technology t h a t  would be expensive, unrel iable  

and take too long t o  develop. It  w a s  thought t o  in t e re fe re  with 

b e t t e r  options such as breeder reactors ,  t o  continue an undesirable 

central izat ion of power, t o  be too undiversified and too large 

scale.  

In opposition, SPS was regarded as an unsure or 

- Environmental: SPS w a s  seen as clean, of l o w  impact and safe ly  

"off Earth" by i t s  supporters. The opponents thought it would 

have unknown impacts, would be damaging--many c i t e d  microwave con- 

cerns--or would deplete Earth resources i n  construction. Radio-TV 

interference and lack of o r b i t a l  slots i n  GEO were also ci ted.  

- Societal:  there  were f r iends  of L-5 members who s a w  SPS a s  something 

t o  exci te  t h e  nation and the  world, leading o f f  t o  a New Front ier ,  

and a steppingstone i n t o  permanent human habi ta t ion of space. On 
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I 

t h e  o ther  s ide,  there  w a s  condemnation of technology and asser t ion  of 

t h e  need t o  work on Earth problems f i r s t .  A number of people found 

the idea "too f a r  out" and some d i d n ' t  know, or care t o  know, about 

this option. 

- P o l i t i c a l :  the  p o s s i b l i t i e s  of a leadership ro le  f o r  t he  U.S., free- 

dan from foreign rule and energy self-suff ic iency w e r e  noted, as 

w a s  electric power f o r  t he  developing Third World. Conversely, 

concerns w e r e  expressed about accidental  weapons e f f e c t s ,  power 

used €or non-peaceful purposes, m i l i t a r i l y  indefensible s t ruc tures ,  

a?d a wtziitial ccz t ima t i~n  of 2 zmtralized p g e r  strmture 

i n  government. 

- Technology Advancement: the advancement of knowledge and/or technology 

w a s  an issue i n  i t s e l f .  Stimulation of R&D funding, of high tech- 

nology, of an unlimited fu ture  was thought to  derive from SPS develop 

rnent. 

about technology. 

Disruption of astronomical work was the  lone negative expression 

When asked f o r  an estimation of public acceptance of SPS, 26 percent 

of t he  respondents thought it would be e a s i l y  obtained, 72 percent thought 

it would be d i f f i c u l t ,  and 1 percent thought it would be impossible. When 

asked about t he  need f o r  in te rna t iona l  cooperation on SPS 63 percent welcomed 

it as an opportunity f o r  peaceful cooperation, 30 percent thought it would be an 
unwelcome problem, and 5 percent thought it would k i l l  the project .  

asked about the  p o s s i b i l i t y  t h a t  power s a t e l l i t e s  might form the  basis 

of sophis t icated weapons systems: 13 percent thought t h i s  would be an 

advantage, 55 percent thought it would present  no problem, and 31 percent 

considered it t o  be a major concern. 

When 

c. The Government's Conduct of the SPS Program 

Government involvement i n  SPS research was favored by 89 per- 

cent of t he  respondents. 

government funds t o  conduct t h i s  study f o r  DOE, 1 4  percent w e r e  undecided, 

and 5 percent w e r e  opposed. 

While 80 percent w e r e  i n  favor of 6 5  accepting 

Ninety-five percent of t he  respondents think funding i n  SPS research 

should be increased and only one percent c a l l  f o r  a decrease. Forty-three 

percent think t ha t  environmental impacts should be given more emphasis and 
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47 percent think soc ie t a l  impacts should be given more emphasis. 

the majority of respondents think the  reference system is adequate, severa l  

a l t e rna t ive  approaches were presented and the  respondents were asked t o  

designate those they f e l t  needed more emphasis. 

were as follows: use of as te ro ida l  resources (70%);  use of lunar resources 

(53%); mass driver f o r  LEO t o  GEO cargo t r ans fe r s  (53%); s o l a r  s a i l s  (49%);  

and laser power transmission (48%). There were many comments concerning the  

d e s i r a b i l i t y  of using ex t r a t e r r e s ix i a l  sources of mater1.al.. f o r  SPS con- 

st ruction . 

Although 

The f i v e  top  ranked options 

Ninety-four percent indicated DOE and NASA should be pa r t i c ipan t s  i n  the 

SPS program, only 26 percent could agree t o  Department of Defense pa r t i c ipa t ion ,  

and only 24 percent could agree t o  S ta te  Department par t ic ipa t ion .  

the  Outreach Program, 77 percent sa id  it should be easy f o r  the publ ic  t o  

learn a l l  about the  SPS program, and 78 percent thought t he  ac t ive  dialogue 

of the outreach program was a good technique. 

Regarding 

2. World Space Center Telephone Interviews 

Six telephone interviews were conducted with associates  from 

Argentina, Finland, Bolivia, B r a z i l ,  Liberia,  and India. The concerns 

iden t i f i ed  i n  the interviews are re f lec ted  i n  the  following subsections. 

a. Ownership and Control of SPS 

This w a s  the  most important i s sue  t o  each respondent. They 

s t ressed  t h e  des i r ab i l i t y  of an in te rna t iona l  approach, w i t h  the  Third World 

being involved i n  financing, development, construction and operation of the  SPS. 

I n  some cases,  involvement w a s  seen as  e s sen t i a l  f o r  Third World-approval. 

They expressed awareness of the influence SPS might have over the world energy 

supply, indicating t h a t  i f  the  U.S. acted alone t h i s  could be in te rpre ted  as 

U. S. domination. 

The question of pr iva te  versus public ownership and control  was not 

seen a s  v i t a l .  An in te rna t iona l  consortium f a c i l i t a t i n g  both pr iva te  and 

publ ic  investment was suggested. 

b. Internat ional  Implications 

Concerns were expressed regarding t h e  ownership of o r b i t a l  

s l o t s  and e x t r a t e r r e s t r i a l  resources. Four of s i x  respondents saw in t e r -  

nat ional  ownership a s  a safeguard against  a t tack  on t h e  SPS, a s  well  a s  a 

means of allaying fears  about t he  m i l i t a r y  uses of SPS. Most respondents 
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agreed SPS would be more vulnerable than an i n t e r n a l  power  system, yet  

they a l s o  f e l t  it would be sa fe r  because there  would be no extended fue l  

supply routes.  

c. SPS Resource Requirements 

A l l  respondents indicated t h a t  fu r the r  research would be 

required i n  this area. 

would depend on the  r a t i o  of resource investment problems t o  benefi ts .  

Respondents agreed a decision t o  bui ld  an SPS 

d. Rectenna S i t ing  Problems 

The responses var ied w i t h  respect t o  rectenna s i t i n g  problems, 

r e l a t i v e  to the  lane-use s i tua t ions  iii each respn&ent ' s  cmntry. 

there  is unoccupied land available.  

have t o  be placed a considerable distance from densely populated areas ,  

requir ing expensive transmission. 

I n  !3diviz, 

I n  Finland and Argentina rectennas would 

e. Environmental Ef fec ts  

Most respndents expressed considerable concern over the  dan- 
ger  of possible  microwave radiation. 

proportion t o  the  extent  t o  which they w e r e  fami l ia r  with the  current interest  

on the  topic.  

transmission w i l l  grow in te rna t iona l ly  as SPS becomes more widely known. 

The concern expressed w a s  i n  d i r e c t  

It w a s  agreed t h a t  discussion on the  sa fe ty  of microwave 

f .  Public A t t i t u d e s  

Respondents indicated t h a t  there  is a lack of information 

about t h e  SPS concept, and therefore  there  is no formed opinion. 

respondents indicated t h a t  questions regarding safe ty ,  cost ,  r e l i a b i l i t y ,  

i n t e rna t iona l  p o l i t i c s ,  and microwave rad ia t ion  would have t o  be addressed 

before publ ic  acceptance could be expected. A l l  respondents consider the 

comparative cost  analysis  t o  be t h e  major deciding f ac to r  fo r  acceptance. 

The importance of publ ic  opinion and the  degree t o  which the  publ ic  should 

be informed about the  SPS concept varied among the respondents, depending 

upon t h e  t r ad t iona l  ro le  of publ ic  input i n  decision-making i n  t h e i r  re- 

spect ive countries. 

A l l  

3. Core Group Comments 

There w e r e  many s p e c i f i c  comments received from the  core group. 

Comments on the SPS Reference System suggest there  are  a number of a l t e rna t ives  

t h a t  a r e  n o t  being considered; the range of p o s s i b i l i t i e s  fo r  space so l a r  
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power are  as  extensive as  those f o r  Earth s o l a r  power. 

ges t s  t h a t  consideration of non te r r e s t r i a l  materials f o r  SPS construction 

i s  important, and i n  pa r t i cu la r ,  t he  as te ro ids  a re  highly accessible  objec ts ;  

a promising new technology is t h e  shaping and s t ab i l i za t ion  of so l a r  col- 

l e c t o r  surfaces i n  space by e l e c t r o s t a t i c  charges; and it was emphasized 

t h a t  it is  important t o  be open t o  innovation and re-evaluation. 

The core group sug- 

Comments regarding in te rna t iona l  implications were ind ica t ive  of many 

in te rna t iona l  issues which have not been addressed, including Soviet 

opposition t o  capitalism i n  o r b i t ,  pa ten t  l a w ,  mu l t i l a t e ra l  arrangements f o r  

operat ional  space services ,  and growth i n  regional space a c t i v i t i e s .  

Areas of concern were the  mi l i t a ry  implications of SPS (vulnerabi l i ty  

and use as a weapon) and the  environmental impact, including land use and 

terrestrial material  resource al locat ion.  Regarding t h e  lat ter,  suggestions 

include offshore receivers ,  use of non te r r e s t r i a l  resources t o  circumvent 

environmental impact, rectenna s t ruc tu res  doubling as s t r u c t u r a l  supports 

f o r  greenhouses and an agricul tural / rectenna complex, sharing land and energy. 

Core group comments on the  i ssue  of publ ic  acceptance suggest there  

a re  a number of f ac to r s  which w i l l  be i n f l u e n t i a l  i n  publ ic  acceptance of 

SPS. The need for  cheap, r e l i a b l e  energy (pa r t i cu la r ly  by developing count r ies ) ;  

po ten t i a l  spinoffs from space indus t r i a l i za t ion ;  grassroots  support f o r  SPS 

from groups such as L-5; public education and publ ic  involvement programs 

a re  among those addressed by the  core group. 

4. Membership Response t o  SPS Questions and Answers 

A t o t a l  of 285  responses regarding "Some Questions and 

Answers  About t h e  S a t e l l i t e  Power System" w e r e  received. As a whole, the 

L-5 membership as represented by these respondents, approved of t he  answers 

t o  the  questions. Exhibit 4 is  a breakdown of responses t o  each question 

i n  terms of three categories:  (1) the  answer is  sa t i s f ac to ry ,  (2 )  the  answer 

seems incomplete; and (3 )  t he  answer is  not believed. (See Appendix A f o r  

t h e  actual questions and answers.) 

The answer which evoked the  most doubt d e a l t  with whether SPS would 

eliminate the need f o r  massive coal and o i l  shale  exploi ta t ion and attendant 

disrupt ion of the Earth 's  surface (Question 11-41. Those ind ica t ing  t h a t  

they did not believe the  answer t o  t h i s  question were 43, while 62 f e l t  t he  
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EXHIBIT 4 

FREQUENCY OF RESPONSES TO SPS QUESTIONS AND ANSWERS* 
BY L-5 SOCIETY MEMBERS 

NUFIBER OF RESPONSES 

I. ABOUT TLIE SYSTEn 

QUESTION " B E R  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11. mull l,¶iE 1 
COWARATIVE ANALYSIS 2 

3 
4 
5 
6 
7 

111. mom Tm 1 
ENVI-EFFECPS 2 

3 
4 
5 
6 
7 
8 

Iv. A m m l ¶ i E  
SOCIETAL EFFECTS 

9. ABOVT 'R1E 
DOE PRx;RAII 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

8n M i x  A for actual questions and answers. 

SATISFACTORY 
ANSWER 

264 94% 
239 85 
214 77 
246 88 
239 96 
212 77 
230 83 
224 80 
192 69 
214 77 

219 79 
185 67 
178 63 
171 62 
209 74 
198 70 
194 70 

220 79 
234 84 
206 74 
252 90 
224 82 
236 85 
251 91 
205 75 

243 88 
213 77 
240 86 
248 89 
248 89 
219 80 
208 75 
238 86 
205 75 
253 92 
229 83 
244 87 

258 94 
246 91  
247 91 
220 80 
220 79 
233 85 
220 80 

INCOMPLETE 
ANSWER 

16 
36 
62 
28 
32 
61  
42 
46 
72 
58 

52 
87 
98 
62 
59 
62 
82 

53 
37 
69 
23 
45 
41 
21 
65 

24 
45 
28 
27 
29 
46 
62 
35 
61 
19 
37 
23 

10 
17 
24 
43 
46 
30 
44 

NOT BELIEVED 
ANSWER 

1 
5 
3 
5 
6 
3 
4 
9 

15 
6 

5 
6 
8 

43 
1 3  
22 
1 

9 
18 
10 
3 
3 
9 
7 
3 
9 
S 
9 
4 

6 
9 
2 

12 
11 
12 
12 
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answer w a s  incomplete and 1 7 1  considered the  answer sa t i s fac tory .  

people spec i f ica l ly  added comments t h a t  DOE'S f a i l u r e  t o  include extra- 

t e r r e s t r i a l  resources i n  the  reference system prevents t he  plan from avoid- 

ing t e r r e s t r i a l  disruption. 

Over 40 

Three answers were s ingled out f o r  incompleteness, receiving 82 or  more 

votes f o r  e i the r  not dealing with the question d i r e c t l y  o r  f o r  leaving out 

s a l i e n t  considerations: Question 11-3 concerning environmental and sett le- 

ment pat tern disturbance due t o  SPS rectenna s i t i n g ;  11-2 concerning the  

SPS cos t ;  and 11-7 dealing with the  impact of SPS on labor. 

The answers with which fewest people had doubts were 1-1, about the 

de-orbit dangers from SPS; V-1 on why DOE is  even involved i n  the  SPS 

program evaluation; and IV-10 involving power disruptions.  

C. SUMMARY 

Since the  L-5 Society's  purpose is  t o  promote ventures i n  space, a fav- 

orable a t t i t ude  toward m o s t  e x t r a t e r r e s t r i a l  en te rpr i ses  i s  t o  be expected. 

The 83 percent favorable response regarding t h e  po ten t i a l  of t h e  SPS concept 

as a major energy source by the  end of t he  century r e f l e c t s  the  Society 's  

optimism and also the image of SPS as a "driver" f o r  space exploi ta t ion.  

On the bas i s  of t h i s  outreach experiment, responses from L-5 par t ic ipants  

have been summarized by t h e  L-5 s t a f f  i n  t he  following message t o  DOE: 

0 Solar power satell i tes look l i k e  a prime option f o r  fu ture  energy 

needs. 

0 Private en terpr i se  w i l l  be in t e re s t ed  i n  SPS. 

0 The U . S .  government should have a supportive and regulatory ro l e  

i n  the project .  

0 The Reference System needs major revisions.  

0 Environmental and soc ia l  impacts must be calculated i n t o  t h e  cost/ 

benef i t  analysis  f o r  SPS development and deployment. 

0 If SPS would increase cent ra l iza t ion  of power, it w i l l  have t o  pro- 

vide clean, cheap power. 

0 The mi l i ta ry  implications of SPS are serious.  A mechanism is  

needed t o  assure nonaggressive use. 

0 National r i v a l r i e s  and in te rna t iona l  bureaucratization could become 

a major hindrance t o  SPS development. 
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0 Nations w i l l  cooperate i n  the development of SPS i f  they share its 

use and benef i t s ,  but  not i f  t h e  benef i t s  are r e s t r i c t e d  t o  one 

nat ion or  group of nations. 

0 SPS can come on l i n e  sooner than the  25 years presumed i n  the 

Reference System concept. 

0 The e x t r a t e r r e s t r i a l  resource option f o r  building SPS should be 

pursued. 

0 SPS is in danger of being over-studied. 

0 Night sky brightness and interference w i l l  cause d i f f i c u l t y  with 

astronomers and environmental grows. 
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V. PARTICIPATION OF THE FORUM FOR THE ADVANCEMENT OF STUDENTS 
I N  SCIENCE AND TECHNOLOGY 

A. METHOD 

The method of outreach used by FASST consisted of t he  following a c t i v i t i e s :  

0 A n  SPS Briefing Packet w a s  prepared including: 

- Nineteen summaries of SPS reports, wr i t ten  by seventeen s tudents  from 

eleven univers i t ies .  The FASST s t a f f  prepared t w o  summaries when stu- 

dents w e r e  unable to  meet pr in t ing  schedules. The FASST s t a f f  ed i ted  

and prepared these summaries i n  the FASST BRTEFING format. 

- A cover l e t te r  explaining the  program. 

- A response form requesting demographic information, sources of infor-  

mation which famil iar ized the  respondent with SPS, r a t ings  of t he  

BRIEFINGS format, and comments o r  questions on the  SPS concept. 

Briefing packets w e r e  mailed t o  3,000 individuals  on the  FASST mailing list. 

Approximately 1,500 were s tudents ,  and t h e  o ther  1,500 inclt-ded facul ty  

members and individuals  not a f f i l i a t e d  with a univers i ty ,  but  i n t e re s t ed  

i n  the  programs of the Forum. 

of courses re la ted  t o  science/society courses. 

A l l  data  from the returned response forms, with the  exception of comments 

or  questions on the SPS concept, were t a l l i e d  and cross tabulated according 

t o  academic standing. Comments o r  questions on the SPS concept were 

categorized according t o  top ica l  areas. 

The te le lec ture ,  a non-print communication method, w a s  inves t iga ted  as 

a means t o  fur ther  disseminate information t o  the  college community. 

During the  CDEP t h i s  method w a s  researched, a t r i a l  demonstration was 

conducted, and evaluations by par t ic ipa t ing  s tudents  were obtained. 

The document e n t i t l e d  "Some Questions and Answers About t h e  Satel l i te  

Power System" was sen t  by DOE t o  a list of FASST outreach respondees. (The I 

questions and answers from t h i s  document are presented i n  Appendix A.)  

In  ant ic ipat ion of  t h i s  mailing, FASST sen t  a l e t te r  informing t h e  respondees 

of the forthcoming document and requesting t h e i r  feedback on it. 

The facul ty  lists included 1,100 professors  

I 
1 

j 

I 

1 
( 

I 

B. RESULTS 

A t o t a l  of 306 response forms were received by FASST, f o r  a 9.5% return 

rate. The responses came from students,  facu l ty  members, and professionals  a t  

153 academic in s t i t u t ions  i n  40 states, the D i s t r i c t  of Columbia, and f ive  
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foreign countries.  

an average age of 26. The pa r t i c ipan t s  represented 40 academic d isc ip l ines .  

Male pa r t i c ipan t s  numbered 243 (go%), while females numbered 63 (20%). R e s -  

pondents' academic standing w a s  as follows: 

Overall, the  par t ic ipants  ranged i n  age from 14 t o  71, with 

- High School Students 11% 

- High School Faculty 3% 

- Junior  College Students 2% 

- Junior  College Faculty 1% 

- College Students 57% 

- College Faculty 18% 

- Non-Academic Professionals 9% 

Of t h e  306 par t ic ipants ,  84 percent (254) wrote comments and questions on 

the  response form. Those who wrote a few l i n e s  up t o  a half page represented 

46 percent (1411, while 40 percent (115) offered comments from a half  page to  

several  type-written pages. 

t op ica l  areas. 

series of quotations from the  wri t ten comments. 

Analysis of these comnents w a s  broken down i n t o  

Conclusions w e r e  drawn from these comments, each supported by a 

1. About t h e  Briefings 

Sixty-three percent (192) of the pa r t i c ipan t s  indicated t h a t  the  FASST 

BRIEFINGS w e r e  a primary source of information on the  SPS concept. Information 

from NASA ranked second w i t h  58 of the par t ic ipants ,  while professional s o c i e t i e s  

w e r e  mentioned as the  t h i r d  highest  source of information. Other sources 

included newspapers, t he  classroom, DOE, magazines, TV, radio,  books and hearings 

Ratings of the  FASST BRIEFINGS as  a means t o  inform and involve the campus 

community w e r e  a s  follows: 

as a means t o  inform excel lent  54% 
t h e  campus community good 3 3% 

f a i r  10% 
poor 3% 

as a means t o  involve excel lent  30% 
t h e  campus community good 43% 

f a i r  22% 
poor 5% 

Those pa r t i c ipan t s  who gave t h e  BRIEFINGS favorable r a t ings  appreciated t h e  

opportunity t o  p a r t i c i p a t e  i n  the  SPS discussion and f e l t  t he  packet w a s  inform- 

a t i v e  and thorough. 
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Conclusions drawn by the  FASST s t a f f  from the  wr i t ten  comments about t h e  

BRIEFINGS include t h e  following: 

0 While the BRIEFINGS helped many t o  shape t h e i r  opinions about t h e  SPS, 

t h e  amount of information presented showed o the r s  t h a t  t h e  i s sues  are 

not necessar i ly  black and white. Several respondents stated t h a t  they 

were still  unsure of how they f e l t  about t h e  SPS and would need more 

t i m e  t o  think things through. 

0 The BRIEFINGS provided an opportunity fo r  input i n t o  t h e  evaluation and 

succeeded i n  i l l u s t r a t i n g  the  complexity of SPS. 

0 Suggestions f o r  improvement focused on reducing t h e  extensive amount of 

materials t h a t  t he  par t ic ipants  w e r e  asked t o  read, and providing an 

ou t l ine  and table of contents. 

I n  addition, t he  r e s u l t s  of t h e  outreach have demonstrated t h a t  t he  BRIEFINGS 

had value as a tool i n  both formal and informal educational se t t ings .  

research on the SPS concept i s  so recent ,  t he  opportuni t ies  t o  disseminate t h i s  

information t o  the  academic community have been l imited.  

Packet, therefore,  served as a basic "textbook" on t h i s  proposed energy technology. 

Because 

The FASST BRIEFING 

0 A total  of 45 classes applied the BRIEFINGS t o  the  formal educational 
process. For example, a t  Mansfield S t a t e  College (Pa.)  a physics 
professor designed an e n t i r e  course, "Solar S a t e l l i t e  Power System: 
An Alternative Energy Source", around t h e  FASST BRIEFINGS. 

of t h e  State  University of New York a t  Buffalo. 
students r e l i e d  on t h e  BRIEFINGS f o r  background material and cdmpiled a 
f i n a l  report  as a class project. 

0 A high school physics teacher i n  Jackson, Tennessee assigned individual 

0 An Energy Seminar Group w a s  formed a t  the  Environmental Studies Center 
The twelve graduate 

BRIEFINGS t o  h i s  students,  requested a paper on t h e  topic ,  and d is -  
cussed the overa l l  concept as a un i t  of  ins t ruc t ion .  

0 Two medical students,  a nursing student,  a social worker, and a 
professor of pathology a t  t h e  University of Texas-San Antonio formed 
a seminar group t o  discuss  SPS. A s  part of a course on t h e  Social and 
Moral values i n  t h e  Health Sciences, t he  BRIEFING Packet w a s  used t o  
prepare a discussion agenda for  the  seminar. Suggestions were forwarded 
t o  t h e  Forum as p a r t  of  t h e  class assignment. 

students of a course on Science, Technology, and Po l i t i c s .  The material 
provided the  s tudents  with background information t o  prepare papers on 
selected SPS pol icy questions. 

0 A professor a t  George Washington University d i s t r ibu ted  40 packets t o  
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Written comments from those engaged in more informal educational situations 

suggest their motivation to participate developed from self-realization goals. 

Regardless of their personal opinion of the SPS, they recognized the importance 

of promoting public participation in technological discussions. 

independent research that began as an informal activity evolved into class 

projects . 

Much of the 

2. Reference System 

The issues of vulnerability and control of the SPS were often raised. There 

was concern as to how well the SPS would withstand either planned attacks from an 
enemy, or natural disasters. Several questions were raised related to necessary 

manpower and maintenance requirements and to the life-support for the space 

workers. 

Many felt the reference system lacked credibility because lunar materials for con- 

struction of the satellites were not included. 

the reference system focused on the costs, as well as on alternatives other than 

I 
~ 

These points were not clear or inadequately covered in the BRIEFINGS. 

Other questions and comments on 

I using lunar materials. 
I 

3. Comparative Energy Analysis 

Although the BRIEFING Packet's cover letter mentioned that a comparative 

assessment study was in progress, numerous participants seemed to think that this 

was an area that was ignored. An early BRIEFING paper on the comparative assess- 

ment might have answered questions such as how space-based and terrestrial solar 

systems compare. There was also some concern that SPS funding would detract from 

fusion research and efforts to promote conservation. The general recommendation 

from the participants seemed to be that SPS should be part of an overall research 
strategy. 

I 4. Environmental Effects 

The potential problems associated with microwaves were the environmental 

effects mentioned by the participants. 

effects of microwave exposure saw this problem as a major 'show-stopper' to the 

entire project. 

system, the latter achieved a higher level of acceptance. Impacts on the atmos- 

phere were also a frequently reported environmental concern. 

Those who were concerned about the potential 

When comments were offered regarding a microwave versus laser 
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5. Social  Effects  

The i ssue  of centralization/decentralization generated considerable comment 

from the  participants---especially from those opposed t o  SPS construction. 

negative implication w a s  t h a t  SPS w i l l  require a strong central ized system 

s i m i l a r  t o  'b ig  o i l '  companies and ' u t i l i t y  monopolies'. An in te rna t iona l  

s t ruc ture  f o r  the SPS was endorsed by many. 

involved i n  an internat ional  organization w a s  recognized by many, they nonetheless 

f e l t  t h a t  it was v i t a l  i f  SPS w e r e  t o  succeed. 

The 

Although the  degree of d i f f i c u l t y  

Closely linked t o  the discussion of in te rna t iona l  cooperation w e r e  comments 

and questions on t he  mi l i t a ry  implications of t h e  SPS. 

believed t h a t  the SPS would require  a defense against  possible  a t tack ,  but  t h a t  

i t s  offensive capabi l i t i es  should not be emphasized. 

Most pa r t i c ipan t s  

A f i n a l  thought on t h e  societal implications w a s  mentioned by more than a 

few students, even though it had not been discussed i n  the  BRIEFINGS: 

"Whc w i l l  i n s u r e  t h a t  60 satel l i tes  i f  each i s  the  s i z e  of Manhattan 
Isli ld?" 

6. Tue Outreach Effor t  

Regardless of how the  par t ic ipants  f e l t  about t he  concept of t he  SPS, there  

w a s  almost unanimous suppor t  for  some form of publ ic  discussion on the  re la ted  

issues .  A bel ief  t h a t  a vigorous public awareness program about t he  SPS should 

begin immediately was evident from the responses. Although DOE'S r o l e  i n  t h e  SPS 

evaluation w a s  not of concern t o  m o s t  of the par t ic ipants ,  the  Department's 

involvement i n  such a project  did not escape without some cr i t ic i sm.  

7. - SPS Concept: Support and Opposition 

The par t ic ipant ' s  spec i f ic  opinion on the concept of the SPS w a s  not 

so l ic i ted .  Based on an analysis  of the  wri t ten comments, however, 50 per- 

cent (153) had no de f in i t e  opinion on the  SPS; 26 percent (80) were unsure 

of t h e i r  opinion o r  thought t h a t  fur ther  s tud ies  should be completed before 

they could form an opinion; 14 percent (43) supported the SPS concept; and 

10 percent (30) did not support the  concept. 

Par t ic ipants  who f e l t  t h a t  it w a s  too e a r l y  t o  give a spec i f ic  opinion of ten 

suggested fur ther  s tudies  or offered conditional endorsements f o r  t he  concept. 

For example: 

"I w i l l  support t h e  SPS concept if---it can be protected; r a w  mater ids  
w i l l  primarily be taken from the Moon; and funding does not come from 
other space exploration projects." 
aerospace engineering career,  Rutherford, New Jersey. 

High school senior  in te res ted  i n  
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Those who support the  SPS concept f e e l  the  program should proceed immediately 

and many who favor the deve lopent  of the  SPS see it as a means t o  achieve o r  

contr ibute  t o  other  ends. For example: 

"Although more complex than I thought, I believe t h a t  w e  ought t o  
develop the  needed technology f o r  the SPS. 
sp in-of fs  can be more of a bene f i t  than the  o r ig ina l  project ." 
school senior in te res ted  i n  aerospace engineering career,  Monmouth, 
I l l i n o i s .  

Those par t ic ipants  who opposed the  construction of SPS c i t ed  numerous problems 

It would seem t h a t  the 
High 

I 

related t o  the environment, mi l i ta ry  applications,  and economic considerations. 
w#.- a.*-.".-l 
L V I  GAnUIP-Le: 

"In general, our group has had a strong negative reaction toward this 
proposal f o r  a var i e ty  of reasons, but mainly because its t o t a l  dependence 
on a r isky,  highly technological, massive, complex development and an 
organizational s t ruc ture  of unprecedent dimensions ... The concept is 
inherent ly  flawed i n  t h a t  it derives its energy from a s ingle ,  complex, 
capital intensive source." Graduate seminar of 1 2  students, Environmental 
Studies  Center, S t a t e  University of New York a t  Buffalo. 

While the  BRIEFINGS helped many of the par t ic ipants  shape t h e i r  opinions 

about the  SPS, the vast  amount of information showed others t h a t  t h e  i s s u e s  were 

not necessar i ly  black and white. 

s t i l l  unsure of how they fe l t  about t h e  SPS and would need more t i m e  t o  think 

about t he  issues. The following cOament, from a sophomore engineering major a t  

McKeesport Campus of Pennsylvania S ta te  University, t yp i f i ed  these individuals:  

Several pa r t i c ipan t s  s ta ted  t h a t  they w e r e  

"It is  hard f o r  m e  t o  sununarize how I th ink  and f e e l  about t he  SPS. I 
s t a r t e d  reading them ( t h e  BRIEFINGS) with the  a t t i t u d e ,  'of course they 
should be b u i l t , '  but as I read about t he  amount of required land, the  
long dis tances  t h a t  p o w e r  would have t o  be transported,  t he  possible 
dangers t o  l i fe ,  and most importantly, t he  myriad of unanswered questions 
concerning t h e  basic  parameters of the  pro jec t ,  I wondered i f  it might not 
be more e f f i c i e n t  t o  manufacture solar  cells i n  space with which t o  cover 
roofs of houses. Factors which I had not  considered before, such as the  
mi l i t a ry  implications, have m e  even more skept ica l  than when I s t a r t ed  
the  BRIEFINGS," 

8 ,  Furth& Xnvolvement 

An unexpected result of t h e  Public Outreach Experiment included requests by 

students t o  become d i r e c t l y  involved i n  SPS research, now. 

indicated t h e i r  intent ion t o  pursue aerospace careers ,  i n  general and related t o  

SPS i n  particular. 

academic careers around SPS involvement and/or how t o  become par t ic ipants  i n  SPS 

research. 

Numerous pa r t i c ipan t s  

They wanted t o  know how they could begin t o  plan t h e i r  

-37- 



9. The Telelecture Method 

The t e l e l ec tu re  method involves a presentat ion of information through a 

combination of slides and the telephone. Arrangements are made t o  have a group 

meet i n  a room equipped with a telephone linked i n t o  a speaker o r  conference- 

cal l  amplifier.  A t  t he  designated t i m e ,  a speaker--generally i n  a d i f f e ren t  

c i ty--cal ls  t h e  group t o  present a lec ture ,  accompanied with s l i d e s  which have 

been sen t  t o  the group i n  advance. 

A presentation of t h e  t e l e l ec tu re  method took place during t h e  second 

semester of the  1979-80 academic year a t  Mansfield S t a t e  College (Pa.). 

addi t ion t o  those who enrol led i n  t h e  course, o ther  students were inv i ted  t o  

a t tend  the  program. Therefore, the  audience included both students with and 

without knowledge of the SPS concept. 

given by a member of t he  NASA s t a f f  i n  Washington, D.C. 

I n  

FASST arranged f o r  a presentat ion t o  be 

~ 

A review of student evaluations of the  program suggests t h a t  t he  t e l e l e c t u r e  

experiment w a s  successful and an e f f ec t ive  method for discussing the  SPS concept 

with the  campus community. 

been presented i n  the  FASST BRIEFINGS, and presented information on new studies .  

The s tudents  reported they f e l t  a part of the  process and w e r e  impressed with the  

opportunity t o  discuss the  top ic  with a NASA o f f i c i a l .  

The lecture helped t o  c l a r i f y  information t h a t  had 

10- Response to  SPS Questions and A n s w e r s  

Due t o  some administrative problems, the DOE mailing of the  SPS 

Question/Answer document t o  FASST respondees w a s  delayed nearly three  months 

following the  FASST le t te r  of announcement and request f o r  feedback. This delay, 

coupled with the f a c t  t h a t  the  academic year w a s  over, are considered t o  be the  

major reasons for  a zero response t o  the request f o r  feedback on t h i s  document. 

C. SUMMARY 

According to  FASST, the SPS Public Outreach Experiment has demonstrated 

t h a t  t he  Public '(including students) w i l l  contr ibute  t o  technological discussions 

when given access t o  the  process. Based on several  respondent comments, FASST 

states it is  important f o r  the  publ ic  t o  f e e l  par t  of  the  decision-making process. 

Succinctly s t a t ed  by a student respondent: 

"I cannot emphasize enough the  important nature of t h e  FASST e f f o r t  i n  
bringing t h e s e  i s sues  to  the  a t t en t ion  of t he  public.  
question about t he  SPS concept is  not whether it w i l l  or  w i l l  not work, 
it i s  whether t he  public w i l l  have a chance t o  examine the  i s sues  and 
decide co l lec t ive ly  whether the  la rge  investment it e n t a i l s  should be 
undertaken. There w i l l  always be uncertainty regarding the f i n a l  out- 
come of the decision: t he  bes t  w e  or  the  DOE or  the other  government 
agencies can do i s  t o  insure maximum input from the people who w i l l  
pay f o r  the e n t i r e  system and who w i l l  be affected by the  system--which, i n  
t h i s  case, i s  the e n t i r e  country." Health pol icy graduate student,  
Massachusetts I n s t i t u t e  of Technology. 

The m o s t  important 
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Based on t h e  experience i n  the SPS Public Outreach, FASST o f f e r s  several  

reconmendations f o r  fu ture  pa r t i c ipa t ion  e f fo r t s :  

0 General Recommendations 

- Provide longer lead  time t o  administer outreach programs 

- Improve the  contract  procurement process fo r  contractors  

- Increase contact and dialogue between contractors  and t h e  SPS 

Project  Division 

-  evel lop an evaluation mechanism to  determine what cons t i tu tes  

effective publ ic  pa r t i c ipa t ion  

- Continue researcn on publ ic  par t ic ipa t ion  methods. 

0 Recornanendations on t h e  Briefing Packet 

- Offer a more concise version of t h e  BRIEFINGS 

- Include a glossary and l is t  of sources f o r  addi t ional  information 

- Market individual BRIEFINGS 

- Develop a common response form for  a l l  organizations involved i n  

publ ic  pa r t i c ipa t ion  projects .  

0 Recommendations for Classroom Act iv i t ies  

- Inform facul ty  members about par t ic ipa t ion  p ro jec t s  a t  least 

three months p r i o r  t o  sending out information packets 

- Distr ibute  a progress report t o  t he  pro jec t  par t ic ipants .  

0 Recommendations for  Telelectures 

- Develop panel presentat ions f o r  t e l e l ec tu res  

- Concentrate telelectures on schools out of the  main stream 
- Require contractors t o  pa r t i c ipa t e  i n  telelecture programs 

- Publish a "How TO" booklet on the t e l e l e c t u r e  process. 
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APPENDIX A 

SOME QUESTIONS AND ANSWERS ABOUT THE SATELLITE POWER SYSTEM 

I. ABOUT THE SYSTEM 

1.1 Will an orbiting satellite the size of SPS be stable at GEO or will it de-orbit like the Skylab 
and be a potential danger to the people on the ground? 

The atmospheric density at geostationary orbit (GEO) is so low that synchronous satellites are 
generally considered to have an indefinite lifetime. 
mass to area ratio than any previous satellite at this altitude and thus would be more subject 
to atmospheric drag. 
decay of the satellite over its 30-year lifetime could be expected to lie between 0.25 and 
2500 meters, i.e., less than one part in 10,000 in the worst case. Other components at geosta- 
tionary orbit (construction bases, etc.) would be influenced even less since they have higher 
mass to area ratios. There are perturbations from other causes such as solar radiation pressure, 
lunar/solar gravity gradients, and the equatorial ellipicity of the Earth. These are somewhat 
larger than the atmospheric drag effect (although still small) and will be accommodated with 
planned station-keeping. 

A more significant problem is presented by the components in low Earth orbit such as the staging 
base and the electric orbital transfer vehicle during loading and servicing operations. Both 
of these components would experience decay of such magnitude that essentially continuous orbit 
maintenance will be necessary. Loss of orbit maintenance capability would result in irrevers- 
ible decay in a matter of weeks. 
stabilization, power) will be highly redundant and rapidly repairable so as to make uncontrolled 
orbit decay nearly impossible. It will also be necessary to keep sufficient reserve propellent 
onboard to continue operations in case of launch failure of the resupply vehicles. 

Launch vehicle range safety will require that launch failures do not result in land impact. 
Since this corresponds to current practice, no unique requirements are foreseen for SPS launch 
vehicles simply because of their size. 

In short, a preliminary investigation of orbital decay of SPS components from launch to geo- 
stationary orbit indicates that it is either insignficant or manageable with current procedures. 
Additional investigation will be conducted, particularly for launch and the components in low 
Earth orbit as these become better defined. 

However, the SPS would have a much smaller 

An investigation of orbital decay of the SPS components L/ found that 

Thus, all the subsystems involved (guidance, propulsion, 

1 . 2  How vulnerable is the SPS to partial or total destruction, especially the space segment? For 
example, do meteor showers pose any threat to the space segment? 

The prlnciple area of concern ahout SPS satellite vulnerability has to do with overt military 
action. It is highly unlikely that terrorism could pose a direct threat to the satellite on 
orbit because of its inaccessibility. 

The threat of overt military action against the space segment -- both satellite and ground-based 
control system -- is real, although its execution would clearly constitute an act of war. 
ellites with hunter-killer capability up to synchronous altitudes, if not operationally avail- 
able today, could be in the near future. Although various hardening measures and self-defense 
provisions can be implemented, absolute protection of the satellite cannot be assured. 

The large scale of the satellite tends to make it somewhat less vulnerable than would be the 
case otherwise. The large size means that redundant subsystems can readily be provided, and 
indeed may be mandatory for reliability reasons. 
ed (redundant) energy circuits can be used in the design. 
stantial weapons are needed to do more than partially disable the satellite. 
that because of this large size, the high orbital altitude and the fact of being in a space 
environment, nuclear weapons would be the only likely ones.with a good probability of achieving 
assured destruction. 

Sat- 

The high power level means that many parallel- 
The large scale also means that sub- 

It may turn out 

Sabotage of the satellite is a rather unlikely threat. 
for the satellite gives ample opportunity for saboteurs because of the great quantities involved, 

Although preparation of the components 
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the nature of the satellite is such that at later stages in its construction these opportunities 
become more restricted. 
because of their end use; this should be quite effective against sabotage. Also, the final 
assembly is done on orbit by operators who are necessarily carefully screened and selected. 

Parts and materials are subjected to extensive inspection and testing 

The vulnerability of the rectenna to overt military action, terrorist attack or sabotage is not 
greatly different from that of other large utilities. Rectenna operation, however, is not de- 
pendent on a critical fuel supply line such as coal or oil, which can be rather easily inter- 
dicted 21,rendering the rectenna to that extent less vulnerable than other large power plants. 
Concealment, hardening, protective sheltering and other measures can provide limited protection. 
The rectenna will be part of an interconnected utility grid, so that the loss of any one station 
(or satellite) is not necessarily critical. 

The large size and inherent redundancy of the satellite would also protect it from all but the 
most unlikely meteor showers or individual hits./ 
are heat transfer, vacuum, particulate and ultraviolet radiation and interactions with the 
plasma. Assessment of these environmental effects is hampered by lack of experience with large 
spacecraft but is proceeding at a theoretical level.&/ 

More significant factors in Earth orbit 

1.3 Is t h e r e  a way that r i v a l s ,  unauthorized personnel, e tc . ,  can gain  c o n t r o l  of  t h e  SPS? 

A fully operational SPS for the United States might consist of 60 satellites, a like number of 
rectennas, a transportation complex and a highly redundant command and communications subsystem. 
There is no credible way that this system could be commandeered short of war. The power beam 
from an individual satellite to its designated rectenna is enabled and controlled by a pilot 
beam. The pilot beam (which may be redundant for purposes of reliability) provides the infor- 
mation to the satellite to focus the power beam and to keep it precisely pointed at the rectenna. 
If for any reason the transmitting antenna is pointed away from the rectenna, the power beam 
defocuses and becomes indistinguishable from-the background noise. 
operate only with its designated satellite and to preclude its duplication from an unauthorized 
source. 

The pilot beam is coded to 

1.4 What i s  t h e  basis for  t h e  c l a i m  that t h e  s a t e l l i t e  w i l l  have a 30-year l i f e t i m e ?  

This is not a claim; rather a 30- year lifetime was selected as a design guideline for operation 
planning and costing exercises. The ever-lengthening lives of current unmanned satellites, how- 
ever, together with the rather benign conditions in geostationary orbit (no gravity, no weather, 
very little wear, etc.) suggest that 30 years, with maintenance, may not be an unreasonable goal. 
Refurbishment is also part of the program planning for SPS and could extend satellite lifetime 
considerably beyond 30 years. 

Have maintenance requirements  been considered i n  t h e  a n a l y s i s  of  the r e f e r e n c e  s y s t e m  concept?  
How could  maintenance be performed? 

Maintenance requirements have been considered in the reference system analysis as part of the 
reliability and lifetime analysis. 
parts, transportation and level of effort. Much of the maintenance associated with the rectenna 
would be conventional in nature, and include maintaining roads, rectenna panels and supports, 
the parer collection and transmission systems and control center. Most of the work would entail 
general equipment maintenance. 
and repair of the rectenna and electric power collection system have been estimated at 64 em- 
ployees 51 per rectenna. 

To determine maintenance requirements €or the satellite, eighteen SPS components were selected 
for detailed analysis. The components were selected for one of three reasons: 1) the component 
was representative of a class of components, 2) failure of the component results in significant 
power loss or 3) the component is highly stressed and could have a high failure rate. The num- 
ber of personnel required for satellite mainter.ance would be a function of the amount of direct 
versus remote monitoring. 
maintained by about 975 workers, 6/ probably stationed at the GEO construction base and ferried 
back and forth to the satellites, as required. _z! 

1.5 

Costs and manpower have been estimated; including spare 

Estimates of labor for scheduled and unscheduled maintenance 

It is currently estimated that the 60- satellite system would be 
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1.6 

I. 7 

1.8 

The mission control center (MCC) would have developed a detailed listing of faulty components 
and spare parts would be available from the warehouse or would accompany the maintenance crew. 
Upon arrival, a flyover of the satellites would be made to detect non-annunciated failures. The 
maintenance vehicle would be loaded and defective components removed and replaced. The defec- 
tive components would be returned for test and refurbishment. Each satellite would be refurb- 
ished in 34  days with double shift operations. 
operated machine and monitored by space workers. This high level of maintenance would enhance 
confidence in the projected 30 year lifetime. 

Most of the work would be performed by tele- 

Will new life support systems be required for space construction crews or is present technology 
sufficient? 

Life support systems encompass (1) the control and revitalization of a habitable atmosphere, 
(2) provision of food and water, (3)  solid and liquid waste management, ( 4 )  space suits and 
emergency equipment for personnel safety and rescue, ( 5 )  personal hygiene, and (6) instrumenta- 
tion and data management equipment. While all these subsystems currently exist, additional R&D 
on each of them will be required for an operational SPS. 

Basically, life support systems using techniques of regeneration will be required because the 
cost of providing expendable items for the life support function is prohibitively expensive. 
Major advances required for the SPS are likely to include oxygen recovery and closure of the 
waterlwaste management system. A significant amount of research and development has been con- 
ducted on regeneration life support processes and some tests have been performed. A continuing 
research program covering all the areas has been defined E/ which could be readily adapted and 
extended to satisfy specific SPS requirements as these become better known. 

What are the manpower and training requirements to build the satellite? 

The number of SPS personnel in orbit would vary with the stage of deployment but would be on the 
order of 1000 at any given time.?/ 
60-satellite system, one scenario would have 827 people manning the GEO base. This crew would 
consist of SPS construction personnel (417), satellite maintenance (383) and transportation 
systems maintenance (27). 

For example, after construction of about one-third of the 

The SPS construction crew would be composed of four types of personnel: 

1. Base Management (17) 

2. SPS construction (262) 

3 .  Base support and operations (120) 
4 .  Operations safety (18)  

The crew would include men and women, and would be selected for sound physiological and psycho- 
logical conditions. Al- 
though labor-specific requirements have not been identified, most of the traditional occupations 
would be represented: electricians, plumbers, cooks,accountants, engineers, etc. Space worker 
training would include specific job related training as well as instruction on maintaining 
health, safety and well being in the space environment. A program to analyze manpower and 
training program requirements has been identified. This study will be undertaken in the next 
study phase if a decision to proceed is made. 

Much of the manpower needed to develop the SPS (including the satellites) would be those asso- 
ciated with traditional terrestrial projects - mining, materials extraction and processing, 
component manufacture, etc. In addition, construction of the satellite element would require 
coordinated effort at GEO and LEO staging bases, as well as support from Earth bases. The 
space worker estimates assume 10 support people on the ground per space worker. 

How should today's students be preparing themselves in terms of training and education so as to 
have a greater opportunity for more direct involvement in any future SPS undertaking? 

If one assumes that SPS will become an operational system early in the next century today's 
students would have careers roughly paralleling the research, development, demonstration, de- 
ployment and initial operation of the SPS. Since this program involves so many disciplines 
scarcely anyone would be precluded from participation because of a specific career choice. 

Well educated and highly motivated individuals would be selected.g/ 
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However, the next ten to twenty years will of neczssity emphasize research and development. 
This suggests that engineers will have an edge over welders, system planners will be more 
sought after than stock clerks, and biophysicists will more likely find SPS-related employment 
than nurses. 

The skills mix required to accomplish SPS goals will change as the program unfolds and 30 to 40 
years from now there is likely to be a strong demand for registered nurses, stock clerks and 
welders while many experienced SPS engineers, systems planners and biophysicists will be moving 
on to new projects requiring their skills. 

The SPS program will require individuals at all levels of the managementlorganizational struc- 
ture wirh the ability to: 

Design the SPS, including terrestrial, space and transportation 
elements, and components. 

Deploy the SPS; fabricate elements and construct them in space 
and on Earth. 

Interface with institutions, including international and local 
bodies, financial organizations, land owners, insurance agencies, 
utilities, users, etc. 

Evaluate SPS environmental and societal impacts and suggest 

a Operate and maintain both the space and ground components of 

appropriate responses. 

the SPS. 
While the space segment of the system may have the highest profile, visually as well as job 
related, the majority of jobs will continue to be in traditional fields. 

Which i s  the cheaper  r e f e r e n c e  s y s t e m  d e s i g n  - Rockwe l l ' s  or Boeing's? 

Within the range of present uncertainties, total system cost is the same for both designs. 
While the most recent estimates show the Boeing satellite to be cheaper, it is also heavier 
and the transportation cost is therefore higher. Both designs assume cost improvements of a fac- 
tor of 10 or more in several elements (space transportation, solar arrays, etc.) in order to make 
the system economically viable. 
Comparable sets of figures derived in early 1979 are shown in the following table.g/ 

1.9 

Thus, their "estimates" are really more i n  the nature of goals. 

Boeing Rockwell 

(Millions of 1977 dollars) 

Satellite 3,917 5,328 
Ground Receiving Station 2,242 3,600 
Space Transportation 3,248 1,872 
Space Construction h Support 1,463 1,152 
Mass Contingency 1,130 1,872 
Management and Integration 42 1 5 76 

$12,421 $14,400 

The SPS PD is currently auditing these cost estimates. Preliminary indications are that SPS 
costs may be in the neighborhood of $3600/kilowatt, compared to the approximately $24OO/kW 
estimated by the contractors. The audit is continuing, however, and will be fully reported 
later in the year. 

The problems inherent in deriving SPS cost estimates have been treated extensively by Hazelrigg 
who indicates that "it is not, by any means available today, possible to predict the cost of 
an SPS to be built in the year 2000, to better than about an order of magnitude."c/ 

I s  the DOE c o n s i d e r i n g  a l t e r n a t i v e  r e f e r e n c e  s y s t e m  concep t s?  If so, how much money i s  b e i n g  
a l l o c a t e d  f o r  these s t u d i e s  r e l a t i v e  to  t h e  c u r r e n t  s t a t u s  r e f e r e n c e  des ign?  

The SPS Project Division is evaluating alternative concepts and subsystems at the present time. 
For example, a laser power transmission system has been identified as an alternative to the 

1.10 
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microwave power transmission system. Solid state technologies are being investigated as alter- 
natives to the present spacecraft transmitting antenna design. During FY79, about 15% s/ of 
the NASA budget for SPS studies went into these areas. Should there be a decision to proceed 
with further SPS investigations after the end of the current program, the SPS PD will continue 
to evaluate emerging technologies trn determine their applirahility. 

The present reference system is a concept being used as a "strawman" for the environmental, 
societal and comparative assessments. It is not an optimum concept, detailed design or recom- 
mended configuration.%/ The SPS PD has considered many other systems in the past and continues 
to study others as their technology develops. A partial list of alternatives considered to date 
would include: 

ENERGY COLLECTION 
Photovoltaic 
-Silicon 
-Gallium Aluminum Arsenide 
-Multi-Band Gap 
-Optimum Filter 
-Cadmium Sulfide 

Thermal-Solar 
-Bray ton 
-Rankine 
-Thermionic 

ENERGY TRANSMISSION 
Microwave 
-Power Amplification . Amplitrons 

.Magnetrons 

.Klystrons 

.Solid State 
-Phase Control 

.Retrodirective 

.Ground 

Laser 
11. ABOUT THE COMPARATIVE ANALYSIS 

11.1 W i l l  there be a comparative analysis of the SPS with alternative energy technologies? 

A comparative assessment of the SPS is part of the SPS Concept Development and Evaluation Pro- 
gram. The analysis sequence for the comparative assessment consists of six main steps: 

Comparative Issues Selection 

0 Energy Alternatives Selection 

Energy System Characteristics 
Side-by-Side Analysis of Energy Systems 

Alternative Futures Analysis 

IntegrationlAggregation Technique Development 

The first four steps have been taken in a preliminary assessment Is/ and a methodology has beer. 
established for accomplishing all six steps.g/ 
seven alternative energy technologies in the areas of cost and performance, environmental effects, 
human health and safety, resource utilization, and economic, societal and international issues. 
The alternative energy technologies to be characterized include light water reactors, liquid 
metal fast breeder reactors, advanced coal-fired steam plants, coal gasification/combined cycle 
plants, terrestrial central station photovoltaics, and fusion reactors. In addition, an appro- 
priate decentralized energy technology alternative will be characterized and evaluated. The 
SPS Comparative Assessment is scheduled for completion in November 1980. 

The final assessment will compare the SPS and 

11.2 Has a net energy analysis been done which compares the SPS with alternative energy technologies? 

Energy analyses of the SPS have been compared by the Johnson Space Center, E/ the Marshall Space 
Flight Center, E/ the Energy Research and Development Administration Task Group on Satellite 
Power Stations, B/,s/ the Jet Propulsion Laboratory, G/ the SPS Project Division, and the 
University of Illinois Center for Advanced Computation.G/,b/ SPS energy ratios have been found 
that range from marginally favorable to very favorable in relation to other energy technologies. 

Considerable controversy exists regarding energy analysis methodologies and their results. A 
particular point in dispute is whether or not fuel should be included in the system boundaries. 
Perhaps the most common measure used in energy analysis is the net energy ratio defined as 
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electrical energy out over lifetime 
primary, non-renewable energy in over lifetime 

For many purposes it is desirable to exclude fuel from the denominator of this expression. Doing ~ 

so for SPS and other solar energy systems that use no primary, non-renewable energy as fuel ex- 
cludes their most desirable feature. Solar photovoltaic systems also tend to have lower energy 
ratios 
in the production of solar cells. However, when fuel is included in the calculation the energy 
ratios of nuclear and fossil systems drop to a fraction of the lowest value found for SPS in the 
studies cited above. 

than fossil or nuclear systems because of the current high energy intensities involved 

As a subtask of the Comparative Assessment, a net energy analysis is being conducted which will 
attempt to resolve some of the controversy inherent in this topic by carefully comparing the 
two solar cell options of the SPS (silicon and gallium-aluminum-arsenide) with coal, nuclear and 
terrestrial solar electric energy systems. The final comparative assessment report is scheduled 
for completion in November 1980. 

11.3 How much d i s r u p t i o n  of human settlezrient p a t t e r n s  and w i l d l a n d s  w i l l  the SPS rec tenna s y s t e m  
c r e a t e  i z  comparison t o  coal and oi l  shale f u e l  c y c l e s ?  

A detailed study is in progress at Rice University to find areas in the United States that satis- 
fy specified criteria such as minimum population density, non-agricultural use, water availabil- 
ity, non-interference with flyways of migratory fowl, etc.251 The study will reveal areas that 
are potentially suitable for rectenna siting, or as sites for other power plants, as a function 
of input criteria. Determination of ultimate suitability would require site-specific analyses 
for competing scenarios which would include estimates of disruption to human settlement patterns 
and wildlands. 

Three basic siting scenarios are possible: 

I 

, 

0 Remote location with transmission to demand 

0 Remote location with demaxid moved to supply. 

0 Design SPS for joint land use in or around demand centers (over 

This was done 
with western hydropower 

a water reservoir or special farming area) 

How human settlement patterns change depends on the location of SPS rectenna sites in relation 
to year 2000-2030 population and industry centers and each scenario would create different ef- 
fects. 

The SPS Comparative Assessment is examining the land requirements of SPS and alternative tech- , 
nologies and will provide information to more fully answer this question. 
assessment report is due in November 1980. 

Would the SPS be f u n c t i o n a l  soon enough t o  o b v i a t e  massive c o a l  and oi l  s h a l e  e x p l o i t a t i o n  or 
do t h e  t imeframes f o r  u t i l i z a t i o n  of these a l t e r n a t i v e  t e c h n o l o g i e s  and a t t e n d a n t  environmental  
impacts  over lap?  

The final comparative 

11.4 

U.S. energy consumption is expected to increase at a small, but significant rate in the midterm 
(1985-1995). 
tion to increase at annual rates between 2.8% and 1.6% for the midterm period. Although this 
is lower than historic trends (the annual rate of increase for the '62-'72 period was 3.8%), by 
1995 it will result in annual energy consumption, respectively, 165% or 135% greater than 1977 
consumption of 80 quadrillion Btu. Continued reliance on fossil fuels will accompany this in- 
crease at least through the short and mid terms. The level of development and utilization of 
coal and other fossil fuel sources during the next 20 to 30 years will depend on the actual in- 
crease in demand for electricity and the degree to which conservation options are utilized by 
society. The SPS holds promise only for the long term, and could not make a significant con- 
tribution to electric supply for the next 25 years. 

A recent W E  Energy Information Administration study projected energy consump- 
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11.5 

11.6 

11.7 

111. 

Would a b r e a k t h r o u g h  on f u s i o n  obviate the n e e d  f o r  SPS? 
w o u l d  f u s i o n  e n e r g y  r e p l a c e  t h a t  w o u l d  r e d u c e  the n e e d  f o r  SPS? 

Fusion i s  a baseload c e n t r a l  s t a t i o n  e l e c t r i c a l  op t ion ,  and t h e r e f o r e  a companion technology t o  
SPS. A compet i t ive s c e n a r i o  e x i s t s  only i f  bo th  op t ions  are a v a i l a b l e  a t  t h e  same t i m e ,  a t  
s imi l a r  c o s t s ,  and under cond i t ions  f o r  which energy supply s h o r t f a l l s  can be  s a t i s f i e d  wi thout  
having t o  r e s o r t  t o  a m i x  of bo th  op t ions .  
t a b l e ,  then o the r  c r i t e r i a  would determine i f  SPS would b e  p a r t  of t h e  energy p o r t f o l i o  a long 
wi th  fusion.  A breakthrough i n  f u s i o n  would c a l l  f o r  a reeva lua t ion  of a l l  immediate post-2000 
e l e c t r i c  technologies.  

W o u l d n ' t  a b r e a k t h r o u g h  i n  terrestrial s o l a r  t e c h n o l o g i e s  r e d u c e  or e l i m i n a t e  the n e e d  f o r  SPS? 
In  p a r t i c u l a r ,  w o u l d n ' t  a d v a n c e s  i n  p h o t o v o l t a i c s  b e n e f i t  t e r r e s t r i a l  a p p l i c a t i o n s  t o  the p o i n t  
w h e r e  the SPS wou ld  be obsolete or c o m p a r a t i v e l y  u n e c o n o m i c a l ?  

I f  w e  compare baseload t e r r e s t r i a l  photovol ta ics  t o  SPS, t hen  a breakthrough i n  s o l a r  ce l l  tech- 
nology would br ing down t h e  c o s t  of both systems. Most l i k e l y  t h e  decrease would f avor  terres- 
t r i a l  pho tovo l t a i c s ,  bu t  s t o r a g e  c o s t  must a l s o  be  reduced t o  i n c r e a s e  t h e  competi t ive p o s i t i o n  
of baseload a p p l i c a t i o n s  of terrestrial  pho tovo l t a i c s .  Therefore ,  a breakthrough i n  photovol ta ic  
technology and/or s t o r a g e  technology would r e q u i r e  c a r e f u l  a n a l y s i s  a g a i n s t  supplyldemand, and 
economic, s o c i e t a l  and environmental  i s s u e s  a t  t h a t  t i m e .  

What i m p a c t  w i l l  d e v e l o p m e n t  of the SPS h a v e  on the l a b o r  m a r k e t  compared  t o  a l t e r n a t e  e n e r g y  
e n d e a v o r s  - W i l l  i t  be l a b o r - i n t e n s i v e  or c a p i t a l - i n t e n s i v e ?  

A q u a n t i t a t i v e  answer i s  n o t  a v a i l a b l e  a t  t h i s  t i m e .  However, i t  i s  known t h a t  SPS, as w e l l  as 
t e r r e s t r i a l  photovol ta ics  and o t h e r  d i s t r i b u t e d  s o l a r  technologies ,  w i l l  most l i k e l y  u t i l i z e  
mass production f a c i l i t i e s ,  most of which w i l l  be  automated. Although t h e  space c o n s t r u c t i o n  
po r t ion  of t h e  s a t e l l i t e  and ope ra t ions  w i l l  be h igh ly  automated, support  s e r v i c e ,  rec tenna  con- 
s t r u c t i o n ,  and maintenance l abor  requirements w i l l  b e  high and comparable t o  coa l ,  nuc lea r ,  and 
c e n t r a l  s t a t i o n  s o l a r  technologies .  The d i s t r i b u t e d  technologies  w i l l  d i f f e r  i n  t h a t  they w i l l  
u t i l i z e  more l o c a l  l a b o r  t o  assemble (roof-top modi f ica t ion ,  e t c . )  i n s t a l l ,  ope ra t e  and maintain 
t h e s e  technologies  than does SPS o r  convent ional  technologies .  The SPS Comparative Assessment, 
scheduled f o r  completion i n  November 1980, w i l l  more f u l l y  address  t h i s  ques t ion .  

What f o r m s  and  a m o u n t s  o f  e n e r g y  

I f  both are t e c h n i c a l l y  and environmentally accep- 

ABOUT THE ENVIRONMENTAL EFFECTS 

111.1 A p r o m i n e n t  concern i s  the m i c r o w a v e  b i o - e f f e c t s  o f  the SPS p o w e r  t r a n s m i s s i o n  s y s t e m .  Wha t  
h a p p e n s  t o  p e o p l e  and e c o s y s t e m s  o u t s i d e  the r e c t e n n a  s i t e  s h o u l d  control of beam d i r e c t i o n a l i t y  
be lo s t?  

Microwave power d e n s i t i e s  have been c a l c u l a t e d  f o r  t h e  c a s e  of t o t a l  f a i l u r e  of t h e  phase con- 
t r o l  s y s t e m . g /  I f  t h e  upl ink p i l o t  beam t r a n s m i t t e r  a t  t h e  rectenna i s  s h u t  o f f ,  f o r  example, 
t h e  sub-arrays on t h e  s a t e l l i t e  antenna w i l l  no longe r  be  phased toge the r  and t h e  t o t a l  beam w i l l  
be  defocused. The peak i n t e n s i t y  of  t h e  beam a t  ground l e v e l  drops t o  0.003 mW/cmZ and t h e  beam 
width g r e a t l y  inc reases .  The power dens i ty  of a defocused beam i s  less than t h e  ambient l e v e l  
f o r  t e l e v i s i o n  t ransmissions w i t h i n  t h e  average c i t y  and is  s i g n i f i c a n t l y  less than t h e  U.S. and 
t h e  U.S.S.R. gu ide l ines  (10 and 0.01 mW/cmZ r e s p e c t i v e l y ) .  Under normal ope ra t ions ,  t h e  gene ra l  
populat ion and o f f - s i t e  ecosystems would be  exposed t o  power d e n s i t i e s  ranging from 100 t o  
100,000 t i m e s  below t h e  U.S. s t anda rd  l i m i t  (up t o  100 t i m e s  below t h e  U.S.S.R. s t anda rd  l i m i t ) .  
Prel iminary i n v e s t i g a t i o n s  i n  s e v e r a l  p r i o r i t y  areas (e.g. ,  immunology and hematology, mutage- 
n e s i s ,  carcinogenesis ,  reproduct ion,  t e r a to logy  and growth) reveal no expec ta t ion  of impairment 
of t h e  gene ra l  populat ion o r  animal and av ian  members of ecosystems o u t s i d e  t h e  r ec t enna  site.281 
Further  i n v e s t i g a t i o n s  a r e  planned i n  these  and o t h e r  areas. For example, a very ex tens ive  
experiment t o  s tudy t h e  e f f e c t  of low-level microwave r a d i a t i o n  on t h e  European honey bee  h a s  
been conducted a t  t h e  Univers i ty  of  C a l i f o r n i a  a t  Davis. The r e s u l t s  a r e  now under a n a l y s i s  and 
a r e p o r t  i s  expected i n  t h e  nea r  f u t u r e .  

Should a second p i l o t  beam be set up (e.g. ,  by t e r r o r i s t s )  t o  r e -d i r ec t  t h e  beam, t h e  beam w i l l  
a l s o  defocus.  This  i s  a f a i l - s a f e  f e a t u r e  of  t h e  phasing system. In add i t ion ,  t h e  r ec t enna  
design includes senso r s  t o  d e t e c t  any l a r g e  changes t o  i n c i d e n t  power dens i ty ;  t h i s  information 
would immediately be t r ansmi t t ed  t o  t h e  antenna t o  cease o p e r a t i o n s . x /  

I 

i 
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111.2 W h a t  are t h e  a tmospher ic  h e a t i n g  effects o f  d e c e n t r a l i z e d  s o l a r  energy  sy s t ems  compared t o  the 
SPS? 

Al l  of t h e  w a s t e  hea t  generated by decentral ized s o l a r  energy systems on Earth would be d i s s i -  
pated i n  t h e  atmosphere near  t h e  Ea r th ' s  surface.  
t h e  s i z e  
w a s t e  h e a t  would depend upon t h e  c h a r a c t e r i s t i c s  of t h e  environmental surroundings.  

Most of t h e  w a s t  hea t  generated by SPS would be d i s s i p a t e d  i n  space. Nevertheless ,  about 7 
percent  of t h e  energy de l ive red  t o  an SPS rectenna site would be l o s t  as heat  i n  t h e  atmosphere 
near  t h e  Earth 's  surface.  This hea t  l o s s  is about t h e  same as produced by contemporary su- 
burban developments near  l a r g e  cities. Localized e f f e c t s  produced by SPS w a s t e  h e a t  near  rec- 
t e n M  sites, i f  they w e r e  t o  occur,  would depend upon t h e  c h a r a c t e r i s t i c s  of t h e  environmental 
surroundings,  as i s  t h e  case f o r  decen t r a l i zed  s o l a r  systems. 

The amount of w a s t e  h e a t  would depend upon 
Undesirable e f f e c t s  produced by t h i s  and des ign  f e a t u r e s  of i nd iv idua l  systems. 

The w a s t e  h e a t  which would be p r o d s e d  near SPS rectenna sites is no t  expected t o  a f f e c t  re- 
g i o n a l  weather p a t t e r n s .  
energy capacities equivalent  i o  SP3 wouid b e  expected t o  protiuce r eg iona i  and g ioba i  weather 
and c l ima te  e f f e c t s  which would be  g r e a t e r  than any c u r r e n t l y  envisioned from SPS. 

Large t e r r e s t r i a l  power generat ing systems capable  of producing 

111.3 W i l l  the SPS damage the ozone  l a y e r  and c r e a t e  a "greenhouse" effect  by h e a t i n g  up the atmosphere? 

The bulk of t h e  ozone is  contained i n  t h e  s t r a t o s p h e r e  between about 10 and 40 km. 
has been under i n t e n s i v e  i n v e s t i g a t i o n  during t h e  pas t  t en  years .  
d i c a t e  t h a t  e f f l u e n t s  from SPS rocket  launches would have a n e g l i g i b l e  e f f e c t  on t h e  ozone i n  
t h i s  region. 
i n  t h e  s t r a t o s p h e r e ,  prel iminary a n a l y s i s  suggests  t h a t  ambient w a t e r  concentrat ions,  e s p e c i a l l y  
above 70 km, may be apprec iab ly  enhanced and may become involved i n  t h e  complex chemical me- 
chanisms which c o n t r o l  ozone concentrat ion a t  these  a l t i t u d e s .  Even t h e  d i r e c t i o n  of t h e s e  
e f f e c t s  is  no t  p r e d i c t a b l e  without a much c l o s e r  examination. However, t h e  abwe-mentioned 
prel iminary c a l c u l a t i o n s  i n d i c a t e  t h a t  t h e g l o b a l l y  averaged change i n  t o t a l  ozone would be 
n e g l i g i b l e  (Le., not  de t ec t ab le )  and t h a t ,  consequently,  t h e  change i n  i n t e n s i t y  of u l t r a v i o l e t  
r a d i a t i o n  a t  t h e  ground s u r f a c e  would a l s o  b e  neg l ig ib l e .  

The reduced a b i l i t y  of t h e  atmosphere t o  transmit long wavelength ( in f r a red )  r a d i a t i o n  r e l a t i v e  
t o  s h o r t e r  wavelength ( v i s i b l e  and u l t r a v i o l e t )  r a d i a t i o n ,  commonly known as t h e  "greenhouse" 
e f f e c t ,  most d i r e c t l y  arises through t h e  add i t ion  of l i g h t  r e f l e c t i n g  a e r o s o l s  and i n f r a r e d  ab- 
sorbing molecules (C02 and H20). 
abundance of t h e s e  substances i n  t h e  lower atmosphere is  so l a r g e  t h a t  SPS con t r ibu t ions  are 
considered t o  be  completely neg l ig ib l e .  The water  vapor budget i n  t h e  s t r a t o s p h e r e  and above 
is poor ly  understood, so t h a t  a t  a l t i t u d e s  above 70 o r  80 km., SPS w a t e r  vapor releases may 
enhance cloud cover. Although considerable  unce r t a in ty  exists as t o  climatic e f f e c t s  a r i s i n g  
from SPS-related pe r tu rba t ions  i n  s t r a t o s p h e r i c  and mesospheric composition, such pe r tu rba t ions  
are not  expected t o  be  highly s i g n i f i c a n t . z /  

Why have o n l y  two y e a r s  been a l l o t t e d  fo r  a tmospher ic  impact  s t u d i e s ?  

No f i x e d  time has been " a l l o t t e d "  t o  any of t h e  SPS assessment a c t i v i t i e s .  
impact S tud ie s  are p a r t  of t h e  Concept Development and Evalua t ion  Program, which € o r  admini- 
s t r a t i v e  reasons is l i m i t e d  t o  t h r e e  years .  
i d e n t i f y  p o t e n t i a l  impacts on t h e  atmosphere and t o  determine what is known and unknown about 
each impact. I f ,  a f t e r  consider ing a l l  r e s u l t s  of CDEP, i t  is decided t o  proceed f u r t h e r ,  t h e  
p o t e n t i a l  atmospheric impacts i d e n t i f i e d  i n  CDEP w i l l  b e  addressed i n  g r e a t e r  depth and w i l l  
cont inue u n t i l  unce r t a in ty  regard ing  them has been reduced t o  a reasonable  l e v e l .  

This region 
P r e l i m i n a r y  analyses  u>l in- 

Above about 50 km., where the ozone concentrat ion is  less than 1% its peak value 

As noted i n  t h e  r e l evan t  documents s/,s/, t h e  r e l a t i v e  

111.4 

Current atmospheric 

The planned s t u d i e s  i n  t h a t  t i m e  frame are t o  

111.5 W i l l  communication s y s t e m s  a l r e a d y  i n  p l a c e  be d i s r u p t e d  by SPS o p e r a t i o n s ?  

Communications and o t h e r  e lec t romagnet ic  r ad ia t ing  systems must be designed and operated ac- 
cording t o  n a t i o n a l  and i n t e r n a t i o n a l  r u l e s  and r egu la t ions  f o r  r a d i o  spectrum use. The SPS 
would have t o  s a t i s f y  t h e s e  r u l e s  and r egu la t ions  f o r  compatible spectrum use,  and where neces- 
s a ry ,  develop m i t i g a t i n g  s t r a t e g i e s  t o  account f o r  otherwise avoidable  i n t e r f e r e n c e  s i t u a t i o n s .  
Mit igat ing s t r a t e g i e s  can be (1) designed i n t o  new equipment, (2) followed i n  ope ra t ing  new 
equipment, o r  (3) appl ied t o  e x i s t i n g  equipment wi th  t h e  use r s '  agreement. 
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Microwave energy from SPS could i n t e r f e r e  wi th  t h e  o p e r a t i o n  of communication and o t h e r  elec- 
t r o n i c  systems now i n  use.  I n  t h e  absence of m i t i g a t i n g  s t r a t e g i e s ,  SPS i n t e r f e r e n c e  e f f e c t s  
would most l i k e l y  occur i n  space and w i t h i n  about 100 k i lometers  of rectenna sites. 

E f f e c t s  on s a t e l l i t e s  i n  space can be prevented by a p p r o p r i a t e  des ign  of t h e  SPS microwave 
t ransmission system, by coordinated opera t ions  wi th  o t h e r  satell i tes,  and by inc luding  f i l t e r s  
and s h i e l d i n g  i n  f u t u r e  s a t e l l i t e  designs.  

Maximizing the  d i s t a n c e  between rec tenna  si tes and t a k i n g  advantage of t h e  s h i e l d i n g  provided 
by t e r r a i n  f e a t u r e s  are two m i t i g a t i n g  s t r a t e g i e s  which could be used on Earth.  I n t e r f e r e n c e  
e f f e c t s  which cannot be avoided by t h e s e  techniques can be prevented by inc luding  convent ional  
f i l t e r s  and sh ie ld ing  i n  new equipment designs and r e t r o f i t t i n g  e x i s t i n g  equipment by mutual 
agreement. 

Would the current SPS reference system design create significant additional conf l ic t  over u t i l i -  
zation of the geostationary orbit? 

A t  th i s  t i m e ,  no unavoidable i n t e r f e r e n c e  problems due t o  SPS are ev ident .  

111.6 

Obtaining o r b i t a l  s l o t s  and radiofrequency a l l o c a t i o n  f o r  many t e n s  of SPS satel l i tes  - o r  o t h e r  
s a t e l l i t e s  - would r e q u i r e  ex tens ive  i n t e r n a t i o n a l  d i s c u s s i o n  and agreement. 
s t a t i o n a r y  o r b i t  by telecommunications and o t h e r  geosynchronous satell i tes has  been i n c r e a s i n g ,  
and along with i t ,  competi t ion f o r  o r b i t a l  p o s i t i o n .  To d a t e ,  t h e  I n t e r n a t i o n a l  Telecommunica- 
t i o n s  Union, I.T.U., has  ass igned o r b i t a l  s l o t s  on a f i r s t  come, f i r s t  served b a s i s .  However, 
t h i s  approach h a s  c r e a t e d  i n c r e a s i n g  c o n f l i c t  i n  t h e  i n t e r n a t i o n a l  community which cons iders  
t h e  resource  open t o  common use ,  and not  s u b j e c t  t o  n a t i o n a l  appropr ia t ion .  C o n f l i c t  focuses  
on i s s u e s  of exc lus ive  use,  t e c h n i c a l  deba te  over  t h e  number of o r b i t a l  p o s i t i o n s ,  and pol i -  
t i c a l  disagreement on t h e  Bogota Declara t ion ,  i n  which e i g h t  e q u a t o r i a l  n a t i o n s  claim sovereign- 
t y  over  t h e  geosynchronous o r b i t  above t h e i r  borders .331 
i t  i s  a n t i c i p a t e d  t h a t  m u l t i p l e  u s e  communications platforms w i l l  e x i s t  f o r  which m u l t i p l e  com- 
munications antenna systems would be co-located. 
s l o t  a l l o c a t i o n  problem. 

I n  a d d i t i o n ,  t h e  l e v e l  of microwave energy generated by and r a d i a t e d  from t h e  SPS s p a c e c r a f t  
has  t h e  p o t e n t i a l  t o  cause i n t e r f e r e n c e  wi th  communication o r  o t h e r  s a t e l l i t e s  ( inc luding  SPS's) 
loca ted  nearby. It i s  a n t i c i p a t e d  t h a t  m u l t i p l e  use  communications platforms w i l l  cgme i n t o  
being e a r l y  i n  the next  century which would tend t o  reduce t h e  s l o t  a l l o c a t i o n  problem. The 
SPS has  focused a t t e n t i o n  on t h i s  i s s u e  which must be reso lved  whether o r  not  SPS goes forward; 
an opera t iona l  SPS, however, could be expected t o  i n t e n s i f y  t h e  debate .  

Use of t h e  geo- 

During t h e  SPS o p e r a t i o n a l  timeframe 

Such a n  arrangement may g r e a t l y  reduce t h e  

1 1 1 . 7  How w i l l  SPS's i n  GEO a f f e c t  the aesthetics of the night sky? 

SPS spacecraf t  would, i f  b u i l t  according t o  t h e  c u r r e n t  Reference System design,  b e  v i s i b l e  on 
clear n ights .  
s o l a r  blanket  a r r a y )  would produce about 1/1000 t h e  l i g h t  of a f u l l  moon; t h e  s a t e l l i t e s  would 
b e  b r i g h t e r  than any o b j e c t  i n  t h e  n ight  sky except t h e  moon.341 They would b e  b r i g h t e s t  near  
midnight, comparable t o  Venus, and would become i n v i s i b l e  n e a r  dawn o r  sunse t  s i n c e  t h e  l a r g e  
s o l a r  a r r a y s  would b e  seen "on edge" a t  t h e s e  times.21 

I f  60 SPSs were pos i t ioned  uniformly i n  GEO over  t h e  c o n t i n e n t a l  United S t a t e s ,  t h e  appearance 
would be t h a t  of a cha in  of b r i g h t  p l a n e t l i k e  o b j e c t s  extending ( a s  viewed from t h e  U.S.) i n  
a near ly  s t r a i g h t  l i n e  from east t o  west a c r o s s  much of t h e  southern  sky. They would b e  sepa- 
r a t e d  s l i g h t l y  less than are t h e  stars i n  Orion 's  B e l t .  These b r i g h t  o b j e c t s  would b e  i n  f i x e d  
p o s i t i o n  r e l a t i v e  t o  t h e  Earth,  and stars and p l a n e t s  would thus appear  t o  move from east t o  
w e s t  p a s t  them. The r e l a t i v e  br ightness  of t h e  satel l i tes ,  and t h e i r  c o n s i s t e n t  spacing would 
c o n t r a s t  with t h e  random conf igura t ions  of stars t h a t  form t h e  t r a d i t i o n a l  c o n s t e l l a t i o n s .  I n  
a d d i t i o n ,  use of 7-power b inoculars  would c l e a r l y  show them t o  be rec tangular  s t r u c t u r e s  r a t h e r  
than p o i n t s  of l i g h t .  Light  from a l a r g e  number of SPS s a t e l l i t e s  would b r i g h t e n  t h e  n i g h t  sky 
due t o  atmospheric s c a t t e r i n g ,  and would be of some concern t o  astronomers. 

A t  i n t e r v a l s  of s i x  months, t h e  s a t e l l i t e s  would pass  through t h e  E a r t h ' s  shadow a t  approximately 
midnight f o r  a number of days i n  succession:  an  occurrence something l i k e  a l u n a r  e c l i p s e .  
S a t e l l i t e s  would dim and redden on encounter ing t h e  edges of t h e  shadow, darken, then  reappear  
about 10 minutes l a te r .  The E a r t h ' s  shadow could b e  seen  t o  progress  from east t o  w e s t  a long 
t h e  l i n e  of s a t e l l i t e s .  

The v i s i b l e  l i g h t  from each s p a c e c r a f t  ( s u n l i g h t  d i f f u s e l y  r e f l e c t e d  from t h e  
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111.8 

IV. 

IV. 1 

IV. 2 

The current Reference System design calls for use of highly reflective material for the satel- 
lite transmitting antenna. Specular reflections from the large flat areas of the transmitting 
antenna would periodically direct bright beams of light across the night side of Earth. The 
reflection would be comparable to the full moon for two nights in spring and summer, lasting 
about 2 minutes.%/ The Environmental Assessment indicates that this amount of concentrated 
light from a small object may pose an eye damage risk to someone viewing the satellite through 
a telescope. 
to eliminate the risk by permitting only diffused reflection of light. 
the intensity of reflected light are also under consideration. 

~ a v e  psychological factors affecting IMnned operations in the space environment been taken into 
account in studies of the health and safety of the space workers? 

A preliminary study of the psychological factors affecting SPS space workers is in progress. 
Existing data that addresses this problem are available from the Skylab astronauts and Russian 
cosmonauts, submarine crews, oil platform workers, and the construction personnel on the Alaska 
pipeline. 

Therefore, the present design for a highly polished antenna surface will be changed 
Means to further reduce 

The question is of paramDunt interest, and will be pursued throughout the SPS program. 

ABOUT TEE SOCIETAL EFFECTS 

Why do ye need centralized (baseload) power and a national energy grid? Wouldn't a centralized 
system like the SPS reinforce the control that large institutions exert over people's lives? 
Wouldn't reliance on the SPS inhibit a widely expressed desire to be more self-reliant through 
control of one's own energy supply? 

The electric utility industry began as a highly decentralized activity with generation located 
close to the consumer and with virtually no interties between systems. Advancing technologies 
and economies of scale led to mergers and interconnections and have permitted utilities to 
build larger plants and larger capacity transmission lines at decreasing unit costs. 
connections have improved the reliability of utility systems and reduced generating reserve 
requirements. 
West and Texas - composed of utilities and pools intertied with each other, but the three net- 
works are not connected. There is no national grid system, although its desirability continues 
to be debated. 

Inter- 

Presently, there are three major transmission networks - one each in the East, 

The SPS is a centralized (baseload) power concept because it would transmit an essentially con- 
stant output through a grid network trom a site located at some distance from the point of end 
use. It is one of several baseload concepts proposed for use in the post-2000 era, and like 
the other systems would work best in a fairly substantial parer pool. The SPS does not require 
a national grid, however. 

The debate over centralized vs. decentralized energy systems has arisen as one consequence of 
the tail-off of scale economies in the utility industry. 
decentralized energy systems increases over time, this does not rule out the need for a central- 
ized system to provide massive amounts of power for energy intensive processes (the production 
of aluminum and silicon used in decentralized technologies, for example) and to serve customers 
who do not find decentralization feasible. In this regard, the Argonne National Laboratory 
has recently published a report 371 which suggests that it is the small commercial and indus- 
trial enterprise that would most likely suffer in a decentralized scenario. 

Also, most decentralized technologies rely on a central system to provide back-up energy. 
this adds to the existing peak demand, more centralized generating capacity would be needed, 
the utilities' load factor would be worse and electricity costs would be higher. On the other 
hand, if decentralized users could coordinate their demands to coincide with off-peak hours this 
would reduce total generating capacity required, improve the utilities' load factor and reduce 
the cost of electricity. 
systems to develop a symbiotic relationship. 
ownership of decentralized systems, need not be threatened by the co-existence of centralized 
systems.31 

How could SPS development lead to decentralization of social institutions and decision-making 
structures? 

Even assuming that utilization of 

If 

It should thus be possible for distributed and centralized energy 
Greater individual self-reliance through end-user 
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The DOE assessment of the SPS has not formally dealt with this question, so that this answer 
must be speculative in nature. 
energy systems lead to decentralization of social institutions and decision-making. 
and Stiefel$/ suggest that this may not necessarily be the case. Both see the possibility 
that distributed solar energy technologies could be mass-produced, by huge factories and dis- 
tributed to consumers by national (or international) merchandisers. Stiefel suggests that 
large corporations are ideally suited for mass-producing and distributing the many units needed 
for decentralized systems. 
and control, but produce no fundamental change in the institutional or economic structure of 
society. 

There are a number of ways by which SPS development could encourage decentralization: 

This question and the preceding one presume that decentralized 
Frankel 391 

This situation would engender some degree of individual ownership 

- photovoltaics research could lead to more cost-effective ground-based 
systems for end-use applications 

- mining, refining and manufacture of photovoltaic materials and other 
system components will have some, as yet undetermined, impact on em- 
ployment and population growth in rural areas; the result could be some 
shift in the balance of economic power between rural and urban areas 
and geographic regions of the country 

- SPS development could contribute to overall stability in energy supply 
and prices, relieve long-term inflationary pressures and give individuals 
more confidence in making decisions about the future (ergo decreased 
sense of "being powerless") 

It does not follow that because SPS development will require a high degree of central direction, 
decentralizing trends will be thwarted. Janowitz, in his book The Last Half-Century: Societal 
Change and Politics in America, discusses the War on Poverty and concludes that strong central 
planning is essential for genuine decentralization. Consider, for example, that the success 
of decentralized energy technologies in the marketplace will depend in large part on the central 
direction of the federal government. 

The SPS would produce centrally generated electricity at sites remote from the end-user, but it 
could still contribute directly to decentralization if its development were to create a dispers- 
ed system of owners!iip. Such a possibility is found in Vajk's taxpayer stock corporation model.a/ 
This financing scheme would diffuse ownership among the general population through the appor- 
tionment of shares in a so-called U.S. Powersat Service, based on the fraction of an individual's 
taxes devoted to the corporation. However, since Vajk says there is no historical basis for 
evaluating the scheme, it may be more realistic to assume some other financing scheme (which 
could employ this concept as one of its components) would be used. In this case, decentrali- 
zation through SPS development is more likely to occur by indirect means. 

What are the opportunity costs o f  developing the SPS? 
rob other promising energy technologies o f  development funds and leave the nation less f l ex ib l e  
i n  responding to energy needs? 
SPS t o  come on l ine?  

IV.3 Won't the diversion o f  so much c a p i t a l  

what does the country d o  for  its energy while it waits for the 

In preliminary program phases, SPS incurs essentially no opportunity costs, since it does not 
reduce the development potential or funding of other promising technologies. SPS funding in 
fiscal 1979 was $ 6 . 6  million; this accounted for less than 2% of the projected DOE budget for 
solar research and development studies,%/ 
and development budget. 

A decision to fully deploy a Satellite Power System would be accompanied by a massive financing 
effort and a decision to obtain the resultant power in this manner rather than in some other way. 
Opportunity costs would therefore be incurred. It would not, however, necessarily restrict 
research funds or inhibit the early development of other promising energy technologies. Demand 
for electricity will grow significantly by 2000, and neither the SPS nor any other single energy 
technology will be able to supply all electric demand. It is likely that many systems will be 
developed to provide maximum flexibility in responding to energy needs. 

The resulting mix, and hence the exact opportunity costs, will be decided in a rather dynamic 
fashion over time by economic and political factors that can scarcely be foreseen now. 

and is less than 0.1% of the total energy research 
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The SPS would come on l i n e  gradual ly  (10 GW per  y e a r  are c u r r e n t l y  envisaged) and would general-  
l y  m e e t  i nc reas ing  demands o r  r ep lace  obsolete  gene ra t ing  capaci ty .  

W h o  w i l l  be the econozaic b e n e f i c i a r i e s  of the SPS? 
panies and their vorkers w i l l  benefit. 

IV.4 T h e  impress ion  is that o n l y  aerospace  com- 

The aerospace indus t ry  may be t h e  most v i s i b l e  group t o  b e n e f i t  from t h e  SPS. 
although less v i s i b l e ,  would s i g n i f i c a n t l y  b e n e f i t ;  t he  SPS would not  be  developed by t h e  aero- 
space indus t ry  alone. 

A l l  i n d u s t r i e s  involved i n  t h e  SPS, and t h e i r  employees would b e n e f i t  from t h e  SPS. 
i n d u s t r i e s  i nc lude  chemicals and a l l i e d  products,  mining, primary metals, semi-conductors, 
space v e h i c l e  manufacture, ground operat ions and support ing s e r v i c e s .  
s o l i d  material requ i r ed  f o r  an SPS system, over 90 percent  is i n  t h e  ground based rec tenna  and 
approximately 6 percent  is  i n  t h e  launch site complexes. 
lites, and space t r a n s p o r t a t i o n  system. Of t h e  l a b x  r equ i r ed  t o  b u i l d ,  ope ra t e  and main ta in  
and r e p a i r  t h e  SPS system, more than 99 percent can be c l a s s i f i e d  as belonging t o  conventional 
occupations and i n d u s t r i e s  i i s t e d  above, and iess than i percent  work i n  the  space environ- 
ment.s/,*/ Other i n d u s t r i e s  t o  d i r e c t l y  b e n e f i t  would inc lude  those  who own land t o  b e  used 
f o r  rec tenna  and launch sites, f inance  and manage an SPS, and d i s t r i b u t e  SPS power ( u t i l i t i e s ) .  

Communities and ind iv idua l s  would b e n e f i t  i nd i r ec t ly , th rough  an economic m u l t i p l i e r  e f f e c t  t h a t  
accompanies any economic development. Each i n d i v i d u a l  d i r e c t l y  b e n e f i t t i n g  would, i n  t u r n ,  dis-  
t r i b u t e  b e n e f i t s  t o  o t h e r s  d i r e c t l y .  S i g n i f i c a n t l y ,  a l l  pa re r  u se r s  would b e n e f i t  i f  t h e  SPS 
can provide cheap, r e l i a b l e  e l e c t r i c  power. In  p a r t i c u l a r ,  a r ecen t  study reported t h a t  t he  
SPS, a c e n t r a l  s o l a r  technology, might more r e l i a b l y  serve t h e  energy needs of t h e  aged than 
would decen t r a l i zed  s o l a r  technologies.45f 
t u r e  b e n e f i c i a r i e s  of space u t i l i z a t i o n  t h a t  SPS c a p a b i l i t i e s  would make possible .  

Other s e c t o r s ,  

Affected 

Of t h e  l a r g e  amount of 

Only 2.4 percent  is i n  t h e  SPS satel- 

Perhaps t h e  least v i s i b l e  s e c t o r  would be t h e  fu- 

IV.5 W h o  w i l l  p r o v i d e  insurance  for the SPS? For damage from occupat ional  exposure ,  wandering beams 
and c rashes  a l a  Sky Lab? 

A market f o r  space insurance has  been developing i n  t h e  U.S. and England s i n c e  launch of t h e  
f i r s t  colaatercial satellites, i n  t h e  '6O's.46/ As with  o t h e r  i n d u s t r i e s ,  t h e  space indus t ry  h a s  
sought t o  p r o t e c t  i t s e l f  from l o s s  of investment; a space insurance market has  developed t h a t  
i nc ludes  coverage f o r  l o s s  a g a i n s t  UD, manufacture, launch and ope ra t ion  of satell i te systems. 

However, it appears t h a t  a satell i te system wi th  t h e  scope of t h e  SPS would chal lenge t h e  exist- 
ing space insurance industry.  
insurance broker t o  determine how the industry would respond t o  t h e  SPS. The s tudy is t o  (1) 
review t h e  h i s t o r y  of space insurance coverage; (2) i d e n t i f y  SPS insurance r i s k s  by component 
( s a t e l l i t e ,  microwave power t ransmiss ion  system, e t c . )  and program phase ( cons t ruc t ion ,  opera- 
t i o n ,  etc.); (3) i d e n t i f y  t h e  insurance industry response t o  t h e  SPS; and (4) determine risks 
the  insurance indus t ry  could indemnify and estimate t h e  cos t  of coverage. 

The n a t i o n  t h a t  develops an SPS would be l i a b l e ,  l e g a l l y ,  f o r  any damage t h a t  might occur,  and 
would r equ i r e  p r i v a t e  developers t o  in su re  t h e  system. The 1972 m u l t i l a t e r a l  Convention on 
I n t e r n a t i o n a l  L i a b i l i t y  f o r  Damage Caused by Space Objects holds  t h e  launching state " l i a b l e  
t o  pay compensation f o r  damage caused by its space o b j e c t  on the  s u r f a c e  of t h e  Earth o r  t o  
a i r c r a f t  i n  f l i g h t . "  Were an i n t e r n a t i o n a l  SPS developed, t h e  states involved would be held 
j o i n t l y  l i a b l e .  

Note: The p i l o t  up l ink  beam c o n t r o l l i n g  t h e  microwave t ransmission would preclude t h e  p o s s i b i l i t y  
of wandering beams. Objects  placed i n  geos t a t iona ry  o r b i t  (such as SPS) where t h e r e  is 
no atmospheric drag, can r a t h e r  e a s i l y  be  maintained t h e r e  i n d e f i n i t e l y .  
have been maintained i n  o r b i t  as well; f o r  a v a r i e t y  of reasons,  none involving techno- 
l o g i c a l  c a p a b i l i t y ,  i t  w a s  not.  

The SPS Pro jec t  Div is ion  has  t h e r e f o r e  contracted a major space 

Skylab could 

IV.6 Why i s  i t  necessary  t o  s t u d y  the m i l i t a r y  i m p l i c a t i o n s  of the SPS? I s  the SPS's pr imary  pur- 
p o s e  a m i l i t a r y  one? How vu lnerab le  is the s y s t e m  t o  sabotage  and t h e r e f o r e  t o  d i s r u p t i o n  i n  
t h e  supp ly  of energy? 

The SPS is an energy system. 
gested.%/ 
r e a l m .  

It may have m i l i t a r y  a p p l i c a t i o n s ;  s e v e r a l  have already been sug- 
However, t o  be a v i a b l e  energy system t h e  SPS should be kept out  of t h e  m i l i t a r y  
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IV. 7 

IV. 8 

IV. 9 

Preliminary assessments of the military implications of the SPS were made by Bain 4 8 )  and 
Ozeroff 31. 
uses for the SPS and how these would affect international relations, and (2 )  to identify the 
relative vulnerability of the SPS to overt military action, terrorist attacks and sabotage. 
The SPS Project Division accepted the findings of these preliminary assessments, and the general 
consensus among other investigators who touched on the subject, that: (1) a completely inter- 
nationalized SPS would have the most beneficial effect on international relations (indeed, on 
domestic acceptance of the system, as well) and, (2 )  any military application would be likely 
to destabilize international relations. 

The objectives of the investigations were (1) to identify the potential military 

Internationalization of the SPS could nearly eliminate the vulnerability of the system to 
overt military action, especially if participation in its development were broadly-based and 
substantial. The system might still be vulnerable to terrorist attack or sabotage although, 
as Bain and Ozeroff found, it is unlikely that the space segment would be threatened by such 
actions. The rectenna facility would be no more vulnerable to these actions than other large 
industrial complexes or power plants, and might, in fact, be less vulnerable since no terres- 
trial fuel supply lines are required.=/ 

A follow-on study has been initiated to improve upon the preliminary assessment. Its purpose 
is to make an in-depth analysis of the ways to counteract real and perceived potential military 
threats and vulnerabilities of the SPS and its components. This study will be completed in 
the early Fall 1980. 

W i l l  d e v e l o p m e n t  of the SPS s e r i o u s l y  d e p l e t e  a n y  of the E a r t h ' s  r e s o u r c e s ?  

Two independent studies have been completed which address the question.z/,s/ 
the answer is "no." Both studies screened the twenty two basic materials required for SPS 
production and both found some problems in the supply or production of certain materials. 

The more serious problems are those associated with the solar cell materials (gallium, gallium 
arsenide, sapphire, and solar grade silicon), and the graphite fiber required for the satellite 
structure and space construction facilities. In addition to these mercury, tungsten and silver 
were found by both investigators to be potential problems as were kapton, borosilicate glass 
and liquid hydrogen. 

Most of these are problems in terms of currently identified reserves, production capabilities, 
import requirements and the like and could be ameliorated. For example, gallium, which both 
investigators class as perhaps the most serious problem is judged "not to be a limiting factor 
over the long term" by the Aluminum Company of America.=/ 

Have other c o u n t r i e s  been a p p r o a c h e d  t o  p a r t i c i p a t e  i n  SPS s t u d i e s ?  I f  so, w h i c h  ones? 

KO formal arrangements have been made between the U.S. and foreign countries or international 
agencies to participate in studies sponsored by the SPS Project Division. Informal contacts have 
been made with the European Space Agency and several individual countries in Europe and through- 
out the world. Interest in the SPS concept is widespread and growing among members of the in- 
ternational scientific community. Individuals from Czechoslovakia, England, France, Germany, 
Japan and Russia have published the results of recent, independent work on various aspects of 
satellite power systems 561 and the European Space Agency has prepared a survey report on the 
subject .=/ 

Obviously, if the SPS is to be internationalized, formal arrangements with other nations and 
international agencies will have to be made. As part of the current assessment program, a 
study is being prepared to develop options for involving the international community in any 
future SPS program activities. 

Who wou ld  p r o v i d e  SPS d e v e l o p m e n t  f u n d s  and who wou ld  control and m a i n t a i n  the SPS once it was 
devel o p e d  ? 

This is as yet an open question. Several financing and management options have been identified 
which could support development of the SPS.x/,x/ 
worked out, although there is likely to be a wide range of participants, both national and 
international, public and private. The general consensus among the principal investigators 
involved in the preliminary phases of the SPS is that international cooperation in R&D and 

In both cases 

The form of the organization has yet to be 
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some commercialization would be highly desirable. 
lite Organization (INTELSAT) is an example of an existing international framework that an SPS 
organization might be modeled after. 

Kierulff showed that it would be extremely difficult for the private marketplace to completely 
finance an SPS. 
funding and/or guarantee investment vehicles in the late 1990's and early 2000's as was done in 
the early phases of nuclear power and communications satellite development. 

Control of the system would rest to a large extent with the investors and whatever organization 
they established after approval of all concerned parties. 
exercise control through regulation. 
regulatory control over siting and operation of the rectenna facilities. 
noted 3 1 ,  some of the key regulatory issues which remain to be resolved involve jurisdictional 
conflicts between the various levels of government and conflicting siting and land use policies. 

The International Telecommunciations Satel- 

Thus, the federal government would have to provide a major portion of the 

The federal government would also 
State and local governments would exercise a degree of 

However, as Kotin 

At the international level, certain control mechanisms already exist for satellites operating 
in geostationary orbit. 
radio frequency spectrum to the various users and regulates signal interference characteristics 
of satellite systems. The organization which develops and maintains the SPS will have to abide 
by other existing international space treaties and will, itself, almost certainly be the cause 
of several new international treaties and regulatory bodies. 

Tihe international Eeiecommunications Union assigns portions of rhe 

IV.10 I s  a d i s r u p t i o n  o f  SPS power l i k e l y ?  W h a t  happens t o  an area which d e r i v e s  some or a l l  of i t s  
energy  f r o m  an SPS should such an even t  occur? 

The SPS is envisioned as a large base load power system connected to a power grid. 
handled like any other power source on the grid. 
utilities are required to maintain a portion of their total generating capacity on line as 
"spinning reserve". 
these spinning reserve units instantaneously cut in to provide power to the grid. Transmission 
line interties to other utilities and pools are also traditionally used to provide immediate 
power flow into the grid. 

A preliminary investigation of the SPS by some electrical engineering experts has found that 
the SPS may be more reliable than existing parer generating systems (nuclear, coal, oil, gas 
turbine, etc.).E/ SPS would be generating power a higher portion of the time and would be 
less prone to non-scheduled power outage. However, interruption of SPS parer will occur at 
known periods of time due to shadowing of the satellite by the Earth. Fortunately, these 
outages occur at local midnight when power requirements are low. 
connected to a pool@/ 30-35 GW or larger, and the scheduled SPS outage would be accommodated 
by reserve within the pool, or through interties. 

No area would derive all of its electrical power from the SPS. A 5 GW SPS unit would not be used 
to supply more than about 20% of the total electric generation capacity for any single utility 
or pool. 
Were partial or complete outage of an SPS unit to occur, power levels would be maintained by 
one or a combination of the mechanisms outlined above. 

It will be 
As a contingency against loss of power, 

In the event that a unit(s) experiences sudden failure ( loss  of power) 

A 5 GW SPS unit would be 

Non-scheduled disruption of SPS power would be highly unlikely, but not impossible. 

IV.ll I s  there any public awareness of the SPS as a major cand ida te  f o r  l o n g  term energy  generat ion? 

There is some public awareness of the SPS as a lung-range energy option, but no systematic at- 
tempt has been made by the Project Division to assess its extent. It can be inferred that h o w -  
ledge of the SPS is growing. 
copies of each report it publishes. These reports are distributed to a wide national and inter- 
national audience that includes universities, government agencies, libraries, public and private 
interest groups, corporations, and individuals interested in SPS activities and work. 

For example, the Project Division distributes approximately 3,000 

Certain specific groups in this country and abroad are quite knowledgeable about the SPS. 
least two national engineering associations. representing 200,000 members in electrical, elec- 
tronics, aerospace, and systems disciplines, have run articles on the SPS in their journals.=/ 
The SPS has been the subject of several presentations at meetings of the Royal Aeronautical 
Society and the International Astronautical Federation in the last few years. 

At 
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IV. 1 2  

V. 

v. 1 

The ques t ion  was generated i n  t h e  P u b l i c  Outreach Experiment sponsored by t h e  P r o j e c t  Division. 
I n  t h i s  experiment, summaries of twenty SPS r e p o r t s  were mailed t o  9,000 r e c i p i e n t s  a s s o c i a t e d  
wi th  t h e  three  p u b l i c  i n t e r e s t  groups: C i t i z e n s  Energy P r o j e c t ,  Forum f o r  t h e  Advancement of 
Students  i n  Science and Technology, and t h e  L-5 Socie ty .  Over 1,500 responses  have been re- 
ceived from mailings. 

The n a t i o n a l  news media have a l s o  fea tured  r e p o r t s  on SPS f o r  t h e  genera l  publ ic .  The MacNeill 
Lehrer Report had a n a t i o n a l l y  t e l e v i s e d  d iscuss ion  of t h e  pros  and cons of t h e  SPS on June 14 ,  
1978. 

F i n a l l y ,  t h e  Pro jec t  Div is ion  responds a f f i r m a t i v e l y  t o  every reques t  f o r  information and o p e r a t e s  
under a pol icy of openness and a c c e s s i b i l i t y .  

What c o n s t i t u e n c i e s  a r e  b e i n g  s t u d i e d  f o r  t h e i r  p r o b a b l e  re sponse  t o  t h e  SPS? 

There are no cons t i tuenc ies  being s t u d i e d ,  per  se. Three groups - t h e  C i t i z e n s  Energy P r o j e c t ,  
t h e  L-5 Society and t h e  Forum f o r  t h e  Advancement of Students  i n  Science and Technology - are 
cooperat ing w i t h  Planning Research Corporat ion i n  e l i c i t i n g  comments from members on r e s u l t s  
of t h e  SPS program and i n  e s t a b l i s h i n g  a dialogue between t h e  P r o j e c t  Div is ion  and t h e s e  ind iv i -  
duals .  The P r o j e c t  Div is ion  can see i f  t h e r e  are 
any concerns which are not being adequately addressed i n  t h e  c u r r e n t  assessment program. Fur- 
thermore, t h e  ques t ions  which members of t h e  t h r e e  organiza t ions  pose enable  t h e p r o j e c t  Div is ion  
and t h e  f i e l d  s t a f f  t o  become more aware of t h e  s p e c i f i c  concerns people  have about the  SPS. 

The P r o j e c t  Divis ion has a l s o  funded a s tudy by R i c e  Univers i ty  t o  p l a c e  t h e  SPS debate  w i t h i n  
a broad s o c i a l  and c u l t u r a l  mi l ieu .  The o b j e c t i v e  of t h e  p r o j e c t  i s  t o  i d e n t i f y  and relate t h e  
s o c i o c u l t u r a l  f a c t o r s  which shape t h e  p u b l i c  a c c e p t a b i l i t y  of advanced technologies .  The s tudy 
w i l l  a t tempt  t o  do t h i s  by reviewing t h e  p u b l i c  deba te  over  la rge-sca le  commitments of p u b l i c  
funds f o r  t h e  development of t h e  nuc lear  indus t ry  and o t h e r  h ighly  s o p h i s t i c a t e d  technologies .  
Opinion p o l l  d a t a  covering energy-related i s s u e s  w i l l  a l s o  b e  analyzed. 

The f i n d i n g s  of t h e s e  p r o j e c t s  w i l l  b e  used by t h e  P r o j e c t  Div is ion  t o  develop a cont inuing out- 
reach program and t o  develop a process  f o r  long-term p u b l i c  involvement should t h e  SPS program 
be continued. 

Several  a r t i c l e s  have appeared i n  t h e  Los Angeles T i m e s  and t h e  N e w  York T i m e s .  

This  dialogue serves s e v e r a l  u s e f u l  purposes. 

ABOUT THE DOE PROGRAM 

Why is DOE even i n v o l v e d  i n  t h e  e v a l u a t i o n  and development of t h e  SPS? 
sector do ing  t h i s  on i t s  own? 

The concept of genera t ing  l a r g e  amounts of e l e c t r i c  power us ing  satel l i tes  i n  space and t rans-  
m i t t i n g  i t  t o  Earth o r i g i n a t e d  i n  t h e  p r i v a t e  s e c t o r .  A.D. L i t t l e ' s  P e t e r  Glaser f i r s t  suggest- 
ed t h e  i d e a  i n  1968. The p r i v a t e  s e c t o r  has  continued t o  fol low development of t h e  concept 
wi th  i n t e r e s t .  P u b l i c  s e c t o r  involvement i n  SPS i n v e s t i g a t i o n  s t a r t e d  r e l a t i v e l y  r e c e n t l y .  
The SPS is  a long-term, la rge-sca le  venture ,  and has  t h e  promise t o  make a major impact on t h i s  
n a t i o n ' s  energy supply and economic s i t u a t i o n  i f  proven s a f e ,  and f e a s i b l e  t e c h n i c a l l y  and 
economically. This provides  t h e  b a s i s  f o r  DOE i n t e r e s t .  The DOE has  supported a program t o  
eva lua te  t h e  SPS concept s i n c e  1976. 

The major U.S. aerospace companies have taken an a c t i v e  i n t e r e s t  i n  t h e  SPS concept s i n c e  i t  w a s  
f i r s t  proposed, and have continued t o  support  independent work on SPS des ign  s t u d i e s .  The 
Electr ic  Power Research I n s t i t u t e ,  a p r i v a t e  r e s e a r c h  o r g a n i z a t i o n  funded by member u t i l i t i e s ,  
i s  c u r r e n t l y  funding a s tudy of SPS-ut i l i ty  i n t e g r a t i o n  i s s u e s .  However, long-term investment 
i n  h igh- r i sk  ventures  demands a much more s i g n i f i c a n t  commitment by t h e  p r i v a t e  s e c t o r  than is 
genera l ly  possible .  Note, f o r  example, f e d e r a l  government involvement i n  encouraging t h e  com- 
m e r c i a l i z a t i o n  of  d i s t r i b u t e d  energy systems. Ball 's  d i s c u s s i o n  of t h e  synfue ls  cha l lenge  t o  
i n d u s t r i a l  decision-making is  very  p e r t i n e n t  621: 

Why i s n ' t  t h e  p r i v a t e  

"For convent ional  major c a p i t a l  investments t o  b e  a t t r a c t i v e ,  
they must be v i a b l e  f o r  a quarter-century o r  more. . . . famil iar  
too ls  f o r  eva lua t ing  investment dec is ions  over  long t i m e  spans 
become l i t t l e  more than academic e x e r c i s e s  i n  a t o t a l l y  unde- 
f ined indus t ry  . . . " 
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Space development ventures traditionally have been economically risky, and supported by federal 
financing. 
private sector has stepped in to develop the market. 
and will probably be true for the SPS. 
to support continued SPS evaluation will be the public sector, assuming the necessary policy 
decisions are made to proceed with the program. 

Many respondents appear to believe that the objective of the CDEP effort is to plan for the 
commercialization of the SPS. 
To what areas of investigation are the program funds being allocated? 
going to environmental studies? 

The SPS Project Division's objective in undertaking the Concept Development and Evaluation Program 
(CDEP) is "to develop, by the end of 1980, an initial understanding of the technical feasibility, 
economic practicality 
The intent is to provide the government and the American people with the information they need 
before deciding to embark or not to embark, on the next stage of the SPS investigation. A de- 

sult in implementation of a follow-on program, Ground Based Exploratory Development (GBED). 
This 7-9 year program would further reduce uncertainty about the SPS system design, its tech- 
nical characteristics, and potential environmental and societal effects. The GBED would be 
followed by technical verification of the SPS if that were judged to be advisable. 

Once the technical and economic viability of a system has been demonstrated, the 
This was true for communications satellites, 

Therefore. it is likely that the major source of funds 

V . 2  
The actual objectives of the DOE study are not clearly understood. 

How much of the total is 

and the social and environmental acceptability of the SPS concept".6~/ 

cisin2 yo pnc==d .*n-ld "or r = c u l t  ir. c=mcrcinl  dc-.-elop-,ent sf :he sps %= :Cjgo, but  would re- 

CDEP Element 

Systems Definition 
Environmental Assessment 
Societal Assessment 
Comparative Assessment 
Emerging Technologies 
halysislplanning 

Total 

Funding 

$ 6,600,000 
6,500,000 
1,700,000 
1,700,000 
1,400,000 
1,700,000 

$19,600,000 

This table shows that about one third of the approximately $20 million budgeted for the three- 
year CDEP program is allocated to defining the reference system. The remaining two-thirds is 
dedicated toward evaluation of the concept. The evaluation assumes implementation of the SPS 
in accordance with the reference system and asks: what is the environmental impact? How is 
society likely to be affected? How might it compare with alternate sources of energy? Nhat 
alternative approaches might be used to obtain terrestrial power from satellites? 

The Environmental Assessment will identify and assess environmental issues associated with SPS 
reference system development and operation. These have been grouped into five general cate- 
gories. Microwave health and safety effects account for about 30% of the budget; non-micro- 
wave health and safety about 10%; atmospheric effects, ionospheric effects and electromagnetic 
compatibility (radio-frequency communication effects) each account for about 20% of the budget. 

Just how much information on the SPS is available to the general public? 
appeared in the media? 
could obtain? 

V . 3  Has such information 
What agencies of the federal government have information that the public 

The Project Division has encouraged inquiries about the SPS assessment it is conducting since the 
beginning of the program. All finished reports are available to the public through the National 
Technical Information Service (NTIS): 

U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 

The Project Division also maintains an SPS Library which is operated by the Argonne National 
Laboratory for the DOE. The Library has on file a limited number of copies of all current re- 
ports on the SPS and related topics. The Library periodically updates its bibliography of 
papers, reports, books and magazine articles on the SPS. Bibliographic inquiries should be 
directed in writing to: 
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Argonne National Laboratory 
Satellite Power System Library, Rm. 185 
400 No. Capitol Street, N.W. 
Washington, D.C. 20001 

The public can obtain copies of House and Senate hearings on the SPS. 
cluded testimony from supporters and opponents of the SPS. In the House, the Science and 
Technology Subcommittee on Space Science and Applications has held hearings on the SPS on 
February 15, March 28-30 and May 2, 1979. The Senate Energy and Natural Resources Subcommittee 
on Energy Research and Development held a hearing on August 14, 1978. 
contacted at the following addresses: 

The hearings have in- 

These committees may be 

United States Senate Committee 

Washington, D.C. 20510 

U . S .  House of Representatives 
Committee on Science and Technology 
Washington, D.C. 20515 

Occasional articles dealing with the SPS have appeared in newpapers and magazines. 
the New York Times devoted two pages to a review of the SPS concept in February 1979. The SPS 
concept has been referred to in articles dealing with space industrialization and space coloni- 
zation in magazines having a national circulation, such as Fortune, Nation's Business, and 
Mother Jones. Mention of the SPS appeared in the national print media when President Carter 
enunciated his administration's space policy objectives and has continued in the coverage of 
the ensuing Congressional debates over this policy. 

How real i s t ic  does DOE consider the SPS t o  be? 

on Energy and Natural Resources 

For example, 

V. 4 

v. 5 

There has been a logical progression of growing interest in the SPS within the public and pri- 
vate sectors since the concept was first proposed by Peter Glaser in 1968. NASA considered the 
concept realistic enough to fund some SPS studies out of its "advanced studies" budget through 
FY76. Private corporations supported some small studies during this period, too. Congress 
also began to take notice of the SPS and in 1973 the first Congressional hearings of note took 
place. In early 1976, the Department of Energy (then, the Energy Research and Development Ad- 
ministration) established a Task Group on Satellite Power Stations to review past work and 
suggest future options. 

After fiscal year 1976, the Office of Management and Budget transferred responsibility for SPS 
studies to ERDA (now DOE) since the SPS is basically an energy option. The Task Group found 
that the SPS showed sufficient promise to recommend a more detailed assessment in accordance 
with a defined set of activities. This recommendation formed the basis for the three-year 
Concept Development and Evaluation Program presently nearing completion. This program will 
provide the information from which a policy decision can be made to proceed further or not, 
and if s o ,  at what pace. 

The DOE, therefore, considers the SPS to be realistic enough to have undertaken a rather exten- 
sive concept development and evaluation program designed to determine what is known and unknown 
about the system and its potential impacts. The policy decisions to be made later this year 
will indicate how realistic the DOE considers SPS to be at that time. 

On what does success of the SPS depend? How much w i l l  i t  cost  t o  decide whether or not t o  go  
ahead with the SPS? 

The success of the SPS will ultimately depend on its proven ability to provide baseload elec- 
tric power safely and economically. Such an achievement could be met only with the successful 
completion of a series of programs designed to evaluate, and if recommended, to fully address 
technical, environmental and societal issues. 

The three-year Concept Development and Evaluation Program, (CDEP), nearing completion, has been 
undertaken as the first step.b/ The CDEP objective is to develop an initial understanding of 
SPS system requirements, technology goals and their feasibility; 
mental and societal affects and their acceptability; and evaluate the SPS compared with alter- 
native energy systems. 

identify the system's environ- 
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End Use 
Energy 
Sector 

knunercial 
and household 

Total 
Energy 
Consumption (%) 

20 

Industry 25 

natural gas 
petroleum 
electricity 
natural gas 
coal 
petroleum 
electricity 

The CDEP has been designed to identify any major SPS problems and their magnitude, and determine 
whether these would foreclose the SPS option, or could be resolved through additional study, 
system design changes, or mitigation procedures. Integrated results of the CDEP study will 
provide information from which an informed decision to either terminate the program, or continue 
it in accordance with a defined option, can be made. Such a decision will have cost approximate- 
ly $20 million. 

If no "program stoppers" are identified in the CDEP (none have been identified to date) a Ground 
Based Exploratory Development Program (GBED) could succeed it if the appropriate policy decision 
is made. 
exploratory research investigating the reference system and alternative systems and subsystems. 

The GBED objective is to reduce uncertainty 
where an informed decision could be made regarding initiation of an even more intensive research 
and development program leading to prototype components, on-orbit testing, and verification of 
the required technology. The costs of the GBED program. which would start in 1981, have not jet 
been estimated but will exceed CDEP costs by at least an order of magnitude. 

The seven to nine year GBED program would consist of ground based experiments and 

about SPS feasibility and viability to the point 

V.6 Can e n e r g y  s e l f - s u f f i c i e n c y  be arrived a t  through the SPS? 

Clearly, no single energy technology will solve our energy problem. However, the SPS, working 
in concert with a mix of other systems, could make us less reliant on non-renewable energy 
sources and help the U.S.  become more energy self-sufficient. 

In 1976, the U.S. consumed 74 quadrillion Btu as/ (1  quadrillion = 1000 trillion), or the Btu 
equivalent value in petroleum (including oil and gasoline), coal, electricity, and other energy 
forms. Forty-seven percent of all energy consumed was supplied by petroleum; 27% by natural 
gas; about 19% by coal; hydropower and nuclear energy supplied about 4% and 3% respectively. 
Although energy consumption is distributed more or less evenly by the four main end use energy 
sectors, energy supplies vary widely by end use sector.E/ 

4 3% 
34% 
22% 

4 1% 
28% 
1 8% 
24% 

Transportation 26 

Electricity 29 

petroleum 9 7% 
(primarily gasoline) 

coal 
petroleum 
natural gas 
hydropower 
nuclear 

45% 
16% 
15% 
14% 
10% 

As the chart indicates, we need to provide energy in a form appropriate to its end use. 
servation in all sectors can reduce energy consumption by increasing energy use efficiency. 
Passive and active solar technologies may efficiently provide energy for space and hot water 
heating (such heating accounts for 67% of total residential sector energy use). However, it 
is evident that these technologies will not provide energy appropriate to all end uses. 

The SPS promises to supply large blocks of baseload electric power that can contribute to all 
electricity consuming sectors. In 1976, 60% of generated electricity was consumed by the house- 
hold and commercial sector; 40% was consumed by the industrial sector. 
projects 1990 energy consumption at 94 to 110 quadrillion Btu, assuming 1.6% and 2.8% annual 
growth rates for energy consumption. In either case, electricity would be 38% of total energy 
consumption (versus 29% in 1976). and would make up a significantly higher portion of total 

Con- 

A recent DOE reports/ 
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V. 7 

energy consumption in each sector than occurs at present. The SPS could significantly contri- 
bute to U . S . ,  and global energy self-sufficiency, but could not alone achieve it. 

Does the DOE believe t h a t  SPS d e v e l o p m e n t  w i l l  r e i n v i g o r a t e  the U.S. i n t e r n a l l y  and g i v e  it a 
r e n e w e d  pos i t ion  of l e a d e r s h i p  a b r o a d ?  

The DOE'S current interest is in determining the practicality of the SPS concept as an energy 
source. It is premature, and probably wrong, to assume that the development of the SPS alone 
would provide the lasting and profound impact on society that the question suggests. This is 
especially so when one considers the array of technical, environmental and societal problems 
which must be solved prior to assuming such a vast undertaking. However, the SPS, if it is to 
be built at all, may well be just one part of  a reinvigorated program of  space application and 
research that would enhance U.S. prestige on a worldwide basis. 

Developments associated with transportation to space, space manufacturing and assembly and con- 
struction of large space structures are areas where technological leadership would be developed. 
The broad spectrum of technological challenges to implementing the SPS program might well keep 
the U.S. on the cutting edge of technology advancement for many years. SPS development 
would also provide an opportunity for significant international cooperation in exploring and 
exploiting the benefits of outer space and its resources. More importantly, perhaps, SPS de- 
velopment would provide badly needed energy to many countries of the globe with consequences 
that must on balance be beneficial, but largely unpredictable in terms of impact on the U.S. 
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